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INTRODUCTION 


It is now well known (4, 5, 6, 9, 13) that new physiologic forms of 
Puccinia graminis Pers. may arise as the result of hybridization be- 
tween existing forms or varieties on barberry. The evidence at pres- 
ent available indicates that hybridization probably accounts princi- 
pally for the origin of forms, although Stakman, Levine, and Cotter 
(9) have shown that mutation in parasitism may also occur, though 
probably rarely. There is little information, however, regarding the 
origin of new forms through hybridization on barberries in nature. 
For this reason the writers made studies during the past several years 
to ascertain whether new physiologic forms could be obtained from 
aecial material and from uredial material near barberries. Prelimi- 
nary statements of the results have been published (7, 12). These 
and other data have been combined with the results of earlier surveys 
and are presented in the following pages. Data are given also on 
the results of ‘‘selfing”’ pyenia resulting from inoculations with telial 
collections of unknown identity. 

The writers were particularly interested in the varieties of Puccinia 
graminis that attack the common small grains; hence inoculations 
were made on barley (Hordeum vulgare L.) and oats (Avena sativa L.), 
or on wheat (Triticum vulgare Vill.),> oats, and rye (Secale cereale L.), 
to obtain preliminary indications of the identity of the variety of rust 
in question. Barley is susceptible to both the tritici and the secalis 
varieties; hence, it sometimes was used in the preliminary inoculations 
to ‘screen out” the poae and agrostidis varieties, neither of which 
develops well on it. The determination of physiologic forms within 
rust varieties was made by revised keys originally developed by Stak- 
man and Levine (8) for physiologic forms of P. graminis tritic: Eriks. 
and Henn.; by Bailey (/) for physiologic forms of P. graminis avenae 
Eriks. and Henn., and by Cotter and Levine (3) for physiologic forms 
of P. graminis secalis Eriks. and Henn. 

! Received for publication Feb. 2, 1934; issued July, 1934. Cooperative investigation of the Divisions 
of Barberry Eradication and Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Department 
of Agriculture, and the Minnesota Agricultural Experiment Station. Since this paper was written, the 
Division of Barberry Eradication has been combined with the Divisions of Blister Rust Control, Citrus 

Canker Eradication, and Phony Peach Eradication in a single division designated the Division of Plant 
Disease Eradication. The new division has been made a part of the Bureau of Entomology and Plant 
Quarantine. Published as paper no. 1105 of the Journal series of the Minnesota Agricultural Experiment 
“y= is made by number (italic) to Literature Cited, p. 968. 

’ According to the rules of botanical nomenclature the name of this species is Triticum aestivum; but as 


T. vulgare is in general use among agronomists and cereal pathologists and geneticists, the writers give pref- 
erence to that form. 
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The relatively low percentage of infection resulting from inoculating 
with aeciospores may be due to several causes. Puccinia graminis 
poae Eriks. and Henn. and P. graminis agrostidis Eriks. and Henn.‘ 
are very prevalent on barberries in certain regions, and many of the 
collections probably were of these varieties. Then, too, most of the 
material was sent through the mails and much of it was not in good 
condition when received. Further, the germination of aeciospores is 
somewhat more uncertain and considerably more capricious than that 
of urediospores; and aeciospores do not usually retain their viability 
more than 3 weeks, even when kept cool and fairly dry. 


VARIETIES ISOLATED 
VARIETIES FROM AECIAL COLLECTIONS 


Of 675 aecial collections of Puccinia graminis tested during the past 
13 years, only 281 caused infection on wheat, oats, rye, or barley (table 
1). Itseems likely, therefore, that many of the collections were of the 
poae or the agrostidis variety. Of the 281 collections that caused 
infection on the common small grains, 96, or 34.2 percent, were of the 
tritici variety ; 179, or 63.7 percent, were of the secalis variety ; and only 
6, or 2.1 percent, were of the avenae variety. 


TABLE 1.—Isolation of Puccinia graminis varieties from rusted barberries in the 
field, 1920-82 


‘ a Isolations of Puccinia graminis var 
Collee- Total 
Year tions cultures 


tested | identified Tritici Secalis 1nenae 


Number | Number | Number | Percent | Number | Percent | Number | Percent 
‘ 75 25. ( 


1920 s 4 3 75.0 5.0 
1921 14 6 5 83.3 1 16.7 
1922 9 3 1 33.3 2 66.7 
1923 6 2 2 100.0 
1924 12 6 1 16.7 5 83.3 
1925 9 5 3 60.0 2 40.0 
1926 19 12 Il 91.7 1 &.3 
1927 27 19 8 42.1 y 47.4 2 10.5 
1928 ¥3 60 23 38.3 35 58.4 2 3.3 
1929 64 4) 18 43.9 23 56. 1 
1930 131 42 16 38. 1 26 61.9 
1931 124 32 12 37.5 19 59. 4 1 3.1 
1932 159 49 6 12.2 43 87.8 

Total 675 281 96 34. 2 179 63.7 6 2.1 


It seems quite likely that the high percentage of collections of Puc- 
cinia graminis secalis is due to the fact (1) that quackgrass (Agropyron 
repens (L.) Beauv.) is susceptible to this variety, (2) that this grass is 
very prevalent in the Northern States, where barberries become rusted, 
and (3) that many of the remaining barberry bushes are along fence 
rows, in pastures, on the edges of wood lots, along streams, and in 
other uncultivated places, where quackgrass is likely to be abundant. 
Furthermore, Hordeum jubatum L. and other species of Hordeum are 
very susceptible to P. graminis secalis, as are also various species of 
Elymus. There is therefore opportunity for P. graminis secalis to 
develop abundantly. P. graminis tritici attacks not only wheat but 
also the same grasses that P. graminis secalis attacks, with the excep- 
tion of Agropyron repens. As just explained, however, the great 


‘ The varietal name as written by Eriksson and Henning is agrostis. In order to conform with the other 


varietal names, however, the writers prefer to use the genitive form, agrostidis, as originally used by 
Eriksson 
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abundance and the advantageous habitat of the last-named grass give 
P. graminis secalis the advantage, despite the fact that the acreage of 
wheat attacked by P. graminis tritici is far greater than the acreage of 
rye attacked by P. graminis secalis. The “relative paucity of collec- 
tions of P. graminis avenae probably is due to the fact that Dactylis 
glomerata L., Festuca spp., Alopecurus spp., Glyceria, and the other 
grasses susceptible to this variety usually are not particularly 
abundant near barberry bushes (11). 


VARIETIES FROM UREDIAL MATERIAL NEAR INFECTED BARBERRIES 


In addition to determining the relative prevalence of the varieties 
of Puccinia graminis occurring in the aecial stage on barberry bushes in 
nature, the writers made a similar study of uredial material on grains 
and grasses in the immediate vicinity (within 100 yards) of infected 
bushes. This study includes only such rust as almost certainly 
resulted from infected bushes. The results are summarized in table 2. 


TABLE 2.—Isolations of Puccinia graminis varieties from uredial collections obtained 
in close proximity to infected barberries, 1919-32 


Isolations of Puccinia graminis var 
Cultures 


Year identified 


Tritici Secalis Avenae 


Number Number | Perce nt Number | Percent Number | Percent 


1919 2 66.7 1 33.3 
1920 3 1 33.3 2 66.7 
1921 4 2 50.0 2 50.0 
1922 W 3 33.3 i 66.7 
1923 3 1 33.3 2 66.7 
1924 4 3 75.0 l 25.0 
1925 ) 2 40.0 3 60.0 
1926 7 2 28. 6 4 57. 1 1 14.3 
1927 21 av) 42.9 s 38. 1 4 19.0 
1928 27 16 59. 3 5 18.5 6 22. 2 
1929 7 1 57.1 3 42.9 
1930 ~ 5 62.5 1 12.5 2 25.0 
1931 19 12 63. 2 2 10.5 ) 26.3 
1932 18 14 77.8 4 22. 2 

Total 138 72 92. 2 45 32.6 21 15.2 


A total of 138 collections of Puccinia graminis were identified. Of 
these, 72, or 52.2 percent, were of - tritici variety; 45, or 32.6 per- 
cent, of the secalis variety; and 21, or 15.2 percent, of the avenae 
variety. The fact that the Bensoteonk of collections of the tritici va- 
riety was higher than that of the secalis variety, whereas the opposite 
was true of the aecial collections, is probably due largely to conscious 
selection. The writers were most interested in determining physiologic 
forms of the tritici variety and therefore made special effort to collect 
grasses and grains likely to be infected with it. Hence the percentages 
do not necessarily give as accurate an indication of the relative preva- 
lence of the varieties in nature as those for the aecial collections. 

It is clear that a high percentage of Puccinia graminis on barberries 
in the Northern States is of the secalis variety. This variety of rust 
probably is more closely dependent on barberry for persistence from 
season to season than are the tritici and avenae varieties. This is 
partly because very little rye is grown in the South, where the uredial 
stage of Puccinia graminis can survive the winter. It is evident that 
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there is appreciable development of stem rust of rye only in those 1 — iS 
where there are barberries. Stem rust of rye can be prevented, f 
practical purposes, by eradicating barberries. While it is perfectly 
clear that barberry eradication reduces the severity of rust attacks on 
wheat and oats also, investigations by the writers have shown that the 
uredial stage of these rusts ‘often survives the winter in the far South 
and, under favorable conditions, urediospores may be blown north- 
ward, to cause infection on wheat and oats in the Northern States. 





PHYSIOLOGIC FORMS ISOLATED 


Attempt was made to identify the physiologic forms, both in aecial 
and uredial collections. In addition, barberries were inoculated in 
the greenhouse with collections of teliospores and the pyenia were 
“selfed” , as described later. The primary object was to find out to 
what extent new physiologic forms were arising through hybridization 
in nature. It was desired also to ascertain to what extent barberries 
make possible the persistence of existing forms. Theoretically bar- 
berries should be of great importance in these respects, and, practically, 
the results show that they are. 


PUCCINIA GRAMINIS TRITICI 
PuystoLocic Forms rrom AgcIAL COLLECTIONS 


The identity of the physiologic forms represented in the 94 isola- 
tions of Puccinia graminis tritici was determined, 26 forms being 
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FiGURE 1.—Geographie distribution of physiologic forms (designated by number) of Puccinia graminis, 
isolated from naturally infected barberries. Circles indicate variety tritici; squares, seca/lis; triangles, 
arende 


identified. Some of them were of frequent occurrence and wide dis- 
tribution, others rare and limited; some were quite virulent, others 
fairly innocuous (table 3 and fig. 1; see also table 5). 

It is worthy of note that so limited a number of isolationsshould have 
yielded so many different physiologic forms. This becomes especially 
striking when the number of physiologic forms isolated from field 
collections of infected grain plants is considered. In the latter case, 
82 physiologic forms have been identified from more than 8,000 
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cultures made in the course of physiologic-form surveys; that is, on an 
average, not more than one form from each 100 uredial collections; 
whereas from aecial collections a different form was procured, on an 
average, from every fourth culture, although this ratio probably 
would not have persisted had more aecial collections been identified. 


TaBLE 3.—Phystiologic forms of Puccinia graminis tritici isolated from aecial col- 
lections, by States, 1920-32 


Number of times form was found in 


Form 


ob a |e) 4 ie 
> s ~ Zi S a ¥ 5 7 5 = = & 
SI\SISIEIE/S/S/E/Z1Sle 8/21/8188 
OLS Sr SiS IRL STR ILSLELE lS ILSlale ize 
1 1 ] l 1 2 6 
2 1 l 2 
$ l 1 
y } ] 2 
ll l l l l 4 
15 1 1 2 
17 ] l l l 4 
IS l l 
19 1 l 3 
21 2 l 5 
2h ] 1 
2y l 1 2 
$2 l 1 l 3 
sf 1 l 2 
if} 1 l 2 i tad 2 2 l 2 3 24 
38 2 ] 2 2 l 2 11 
Mt) 2 l 1 1 5 
49 1 1 3 l 6 
52 1 l 
61 l l 2 
fi2 l l 
66 1 
102 l l 
104 | 1 
105 2 2 
125 l 1 
rotal 2 5 5 7 5 1 7 28 7 5 2 ] 5 4 10 ow 
Percent 2. 1 5.3 6.3 | 7.5 5.3 1.1 7.5 (29.8) 7.5) 5.3) 2.1 1.1 5.3 4.2 10.6 100 
Number of forms 2 5 1 6 4 | 7 15 ) i 2 ] ) 3 7 26 


Form 36 was most common and most widely distributed. It was 
isolated 24 times in a total of 94 identifications, and it was found in 11 
of 15 States in which collections were made. Next in order of occur- 
rence and distribution was form 38, with a total of 11 isolations’from 
7 States. This was followed by a considerable drop in both occurrence 
and distribution was form 38, with a total of 11 isolations from 7 
States. This was followed by a considerable drop in both occurrence 
and distribution, with 6 isolations each of forms 1 and 49 from 5 and 
4 States, respectively. Forms 3, 18, 24, 52, 62, 66, 102, 104, and 125 
were isolated only once each from the aecial material collected. 

Forms 62, 102, 104, and 105 never have been isolated from any 
source other than rusted barberry. The original collections of forms 
61 and 66 were made from naturally infected barberries, although 
subsequently they were obtained also from rusted grain in the field. 

These facts indicate strongly that in addition to spreading much 
inoculum early in the season barberry bushes are extremely important 
in at least two respects: (1) They enable many physiologic forms to 
persist from season to season and (2) they make possible the origin of 
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new forms through hybridization. In 1919 it was pointed out by 
Stakman, Levine, and Leach (1/0) that the number of physiologic 
forms of Puccinia graminis seemed to be greater in those regions of 
the United States where there were many barberry bushes than in 
those where there were few. The results presented in this paper 
support this opinion and indicate clearly that barberry bushes should 
be eradicated in order to reduce the number of physiologic forms as 
well as to reduce the amount of inoculum, especially that of the early 
spring. 

Of the forms isolated only from barberries and therefore probably 
produced on them during recent years, form 62 is the most virulent. 
It may cause heavy infection on all the differential hosts except Vernal 
and Khapli emmers. It is one of the most virulent of all forms, 
differing from form 15 only in its inability to infect Vernal normally 
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FIGURE 2.—Geographic distribution of physiologic forms (designated by number) of Puccinia graminis, 
collected in the vicinity of infected barberries. Circles indicate variety tritici; squares, secalis; triangles, | 
avenae, 

and in its tendency to produce type x infection on Marquis, Reliance, 

and Kota wheats; on these wheats form 15 produces type 4 infection 

(table 5). Under favorable conditions type x may develop sufficiently 

to cause heavy rust attack; hence form 62 must be considered poten- 

tially dangerous. The other forms isolated only from barberries are 
not particularly virulent, although it is worthy of note that on Vernal 


emmer both form 104 and 105 produce type x infection, which is a | 
heavier infection than that caused by most other forms. : 
PuysioLocic Forms FrroM UrepiaAL MATERIAL NEAR INFECTED BARBERRIES | 
The 71 collections of Puccinia graminis tritici, made on grains and 
grasses near infected barberries and completely identified, comprised 
19 physiologic forms, a different form for approximately every four 
collections (table 4, fig. 2). These results support those obtained 
from inoculations with aeciospores. Here again it is clear that bar- 
berries are responsible for the persistence of many physiologic forms. ( 


When inoculations were made with urediospores collected at random, 












- ae 











june 1, 1934 Relation of Barberry to Forms of Puecinia graminis 


959 


in regions where barberries rust and in those where they do not, a 
different form appeared in 1 collection in 100, on an average. But 
when inoculations were made with urediospores collected near rusted 
barberries, a different form was obtained in 1 culture of every 4. 


TABLE 4.—Physiologic forms of Puccinia graminis tritici isolated from uredial col- 
lections obtained near infected barberries, by States, 1919-32 


| Number of times form was found in 


PS Pt 


Form 


“ - ag ay a wai 
ia 2/sitif£ils8ié Sialat 
2) s 4) @! $ = Site | = B®) | 8 
i) os a a rR) = 4 af = a < A—j = — 
§ 3 Ps | 2 & &Z e s & = S Fs Zhe 
Bin li SIMA LMA RISB LSlSa lS 1B le 
2 l . 
y l ] 2 
ll ] l l 3 
12 ] 1 
17 ] 1 
18 2 2 4 
19 l 1 2 
21 » l 3 1 ] 1 2 a) 
23 1 1 
29 1 l 
32 l l 
33 l l 2 
36) ] l 1 2 4 1 4 2 16 
37 1 1 
38 2 l l l 2 1 l l 4 14 
3y 1 - 1 
4s 1 ! 
49 2 1 2 ] ] 2 y 
5h l 1 
Total 1 3 5 6 2 15 4 5 2 7 4 3 2 12; 71 
Percent 1.4 4.2) 7.1185) 2.8 (21.1) 5.6) 7.1/,28)199) 5.6) 42/28 169) 100 
Number of forms. . - -- l 2 q 4 2 s 3 5 2 4 4 3 2 6 19 


Forms 36 and 38 were the most prevalent, constituting 22.54 per- 
cent and 19.72 percent, respectively, of the total collections identified. 
Form 38 has been very prevalent in the soft red winter wheat area 
of the United States, where there still are many barberries; it is also 
very abundant in northern Mexico. Forms 2i and 49 were next in 
order of prevalence. By consulting table 5 it will be seen that these 
four forms could cause heavy rust on the principal types of wheat 
commonly grown in the wheat-growing regions of the northern half 
of the United States. Marquis and similar varieties are susceptible 
to three of these forms; the durums are resistant to forms 36 and 49, 
susceptible to form 21, and under favorable environmental condi- 
tions they are susceptible to form 38, which causes a type x+ infec- 
tion. Reliance is immune from forms 21 and 49 but is susceptible to 
forms 36 and 38 (table 5). This variety reacts like Kanred, which 
often is immune in the field. It rusts heavily, however, when forms 
like 36 and 38 are present. Kota, which reacts like the widely grown 
variety, Ceres, is at least moderately susceptible to all four forms but 
seldom becomes heavily rusted in the field because of morphologic 
resistance. 

Form 48 has never been found in the United States except near 
rusted barberries, although it has been reported several times from 
Canada, where it was first collected in 1929, on wheat. It is, how- 
ever, of rare occurrence. 
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PUCCINIA GRAMINIS SECALIS 


The physiologic forms of 27 aecial collections of Puceinia graminis 
secalis were identified, 9 forms being found. It seems significant that 
so many forms were isolated from so few collections. On an average, 
a different form was isolated from every third collection. Forms 7 
and 11 were the most prevalent, constituting 25.93 and 29.63 per- 
cent, respectively, of the total (tables 6 and 8, and figs. 1 and 2 


TaBLeE 5.—Types of infection® on differential varieties of wheat caused by physio- 
logic forms of Puccinia graminis tritici isolated from aecia and from uredia 
near infected barberries, 1919-32 


Reaction of differential varieties 


Form d 
Jen- | Mar-| Re- Kota Arnaut-| Min-| Spel-| Ku- Acme Ein- | Ver- | Kha 
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*) signifies immune; 1, very resistant; 2, moderately resistant; 3, moderately susceptible; 4, very sus- 
ceptible; x, heterogeneous (uredia very variable, various types of infection appearing on the same leaf, not 
due to mechanical mixture. 

» First isolated from barberries 

‘Isolated only from barberries. 

‘ From selfing only. 
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TasBLe 6.—Physiologic forms of Puccinia graminis secalis and P. graminis avenae, 
isolated from aecial collections, by States, 1920-32 


NUMBER OF TIMES FORM WAS FOUND 


Variety and form Kansas) Maine — — eal itiie I x awd Pink Total 
P. graminis secalis 

$ l l 
1 l 1 
) 1 l 
7 6 l 7 
& 1 l 
9 3 3 
1 $ 2 2 1 S 
12 3 1 4 
l4 1 I 


Total 3 


te 
ws 
te 
7 


P. graminis avenae: 


2 l l 2 4 

5 l ‘ I 2 

Total 2 1 2 ] 6 
NUMBER OF FORMS 

P. graminis secalis 1 l 1 7 1 2 1 9 

P. graminis avena 2 1 l 1 2 


Form 5 is the only form that had not been isolated previously from 
uredial material. As it was subsequently obtained also from uredia 
near barberries, it probably had been formed recently. 

From 28 uredial collections of Puccinia graminis secalis near in- 
fected barberries, 8 physiologic forms were isolated, again a large 
number of forms in proportion to the number " collections. Forms 
7 and 11 were again the most prevalent (table 7 


PUCCINIA GRAMINIS AVENAE 


Only six aecial collections of Puccinia graminis avenae were identi- 
fied. Forms 2 and 5 occurred in the ratio of 2 to 1. Both are ex- 
tremely common and widely distributed in the United States; con- 
sequently no particular significance attaches to their occurrence on 
barberries. However, an entirely new form, designated form 10, 
was obtained from oats near rusted barberries in Wisconsin. A spec ‘ial 
note on this form has been published by Cotter (2); hence details 
will not be repeated here, beyond calling attention to the fact that 
it may reasonably be concluded to have resulted from hybridization 
on barberries in nature. It is important to note that form 10 is much 
more virulent on the Richland group of oat varieties than either form 
2 or form 5 (table 8) 





962 Journal of Agricultural Research Vol. 48, no. 11 


TABLE 7.—Physiologic forms of Puccinia graminis secalis and P. graminis avenae 
isolated from uredial collections made near infected barberries, by States, 1919-32 


NUMBER OF TIMES FORM WAS FOUND 


Variety and form 


Illinois 
Michigan 
Minnesota 
Missouri 

New York 
South Dakota 
Wisconsin 


P. graminis secalis 
9 


Total 
graminis avenae: 
> 
5 


10 


Total 
NUMBER * FORMS 


graminis secalis 
graminis avende 


TABLE 8.—Types of infection produced on differential varieties of rye and oats 
caused by physiologic forms of Puccinia graminis secalis and P. graminis avenae, 
respectively, isolated from aecia and from uredia near infected barberries, 1920-32 


Varieties of rye and relative susceptibility to P. | Varieties of oats and mean 
graminis secalis infection type 
Form 


Rosen | Swedish | Prolific | Dakold | Colorless| Minrus | Richland) Joanette 


15 40. 

83. Sl. 
62.6 
85. 
60. 
62. 
81.2 
58. 
$1.3 
53. ¢ 


PHYSIOLOGIC FORMS FROM a ethey RESULTING FROM SELFED 
PYCNIA 


To obtain still further information on the role of barberries in pro- 
ducing new physiologic forms and in perpetuating old ones, a number 
of ‘“‘selfings’’ were made. The method was to inoculate barberries 
with collections of telial material, then transfer pycnial nectar from 
certain pyenia to others of the same collections, and inoculate differ- 
ential hosts with the progeny of spores resulting from inoculations 
with spores from single aecia. There is, of course, no way of knowing 
certainly whether forms isolated were already present in the telial 
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stage, whether they resulted from segregation, or whether new com- 
binations were made. The essential fact brought out by the results, 
however, is that in proportion to the number of cultures isolated a 
large number of forms was always obtained. From some of the aecia 
resulting from inoculation with teliospores, 2 forms, and in one case, 
1 forms, were obtained. The average ratio between the number of 
forms isolated and the number of telial collections used for inoculation 
was 3 to 2. The ratio was approximately the same with Puccinia 
graminis tritici and P. graminis secalis, being 1.62 to 1 and 1.56 to 1, 
respectively. As has been previously pointed out, when determina- 
tions of physiologic forms of P. graminis tritici were made from 
uredial material collected at random, one physiologic form was 
isolated from approximately every. 100 collections. From aecial 
material resulting from inoculating barberries with teliospores in the 
greenhouse, however, the average number of forms isolated from each 
collection was 0.39. This would seem to indicate, again, that the 




















FIGURE 3.—Geographic distribution of physiologic forms (designated by number) of Puccinia graminis, 
segregated after passing through susceptible barberry. Circles indicate variety (rifici; squares, secalis; 
triangle, avenae. 


eradication of barberries will result in a diminution of the number of 
forms. 

From a total of 30 cultures of Puccinia graminis tritici, 17 different 
physiologic forms were isolated (table 10). Those obtained most 
commonly were forms 67 and 101, not forms 36 and 38, which were 
most frequently isolated from aecial collections and from uredial 
collections made near barberries in nature. Nevertheless, form 36 
follows forms 67 and 101 in order of frequency and is very similar to 
them in pathogenicity, but form 38 was not obtained at all. The 
complete list of forms isolated is given in table 10. (See also fig. 3.) 

Forms 67, 96, and 127, which were isolated in these experiments, 
have never been obtained from uredial material. Of these, forms 67 
and 96 had previously been produced as a result of artificial hybridiza- 
tion and form 127 was first isolated as a result of selfing but has been 
produced subsequently by hybridization also. Form 101 had been 
identified from uredial material collected in Bulgaria but has not been 
found in nature in North America. Its only recorded appearance on 
this continent is on barberries on which pycnia were selfed. 
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Forms 7,9, 11, and 12 of Puccinia graminis secalis also were isolated 
from aecia produced on barberries in nature and from uredia obtained 
near barberry bushes. Of these, 7 and 11 have been most prevalent 
throughout. Forms 4 and 14 were obtained once each from the 
vecial material and from the products of selfing, but form 14 has never 
been obtained from uredial isolations. 

It seems probable from the results given above that still other new 
forms might be produced if there were opportunity for certain telial 
material to cause infection on barberries in nature. 


TABLE 9.—Physiologic forms of Puccinia graminis varieties isolated from aecia 
produced as a result of selfing pycnia on barberries inoculated with collections of 
telios pores, 1926-32 


Number of selfings ¢ and number of forms isolated of P. graminis 
Total Var. tritici Var. secalis Var. avenae 


Forms 
isolated 


Forms Forms ‘orms 


Selfings isolated Selfings isolated Selfings isolated 


Selfings 


Total_. 


Ratio of number of forms to 


selfings-. 1, 55:1 1. 62:1 1. 56:1 


* This indicates the number of times barberries were inoculated with teliospore collections. Several 
pyenia were selfed in each case and inoculations made with aeciospores from the resulting aecia. Uredio- 
spores were then used for inoculating differential varieties. 


DISCUSSION AND CONCLUSIONS 


The results presented in the foregoing pages show clearly that bar- 
berries are important in two ways besides that of producing abundant 
inoculum early in the spring: (1) They enable new physiologic forms 
to arise through hybridization, and (2) they apparently enable many 
forms to persist and multiply. 

The results of these field studies support the opinion, based on 
previous greenhouse experiments, that new forms arise on barberries 
in nature. Four forms of Puccinia graminis tritici have been isolated 
only from naturally infected barberries in the field, and two others 
were isolated from barberries before they were found elsewhere. 
Form 5 of P. graminis secalis has been isolated only from aecia on 
barberries and from uredia in close proximity to infected barberries, 
while form 10 of P. graminis avenae has been found only near 
infected barberries. The writers are convinced that these forms were 
of recent origin, indicating that new forms are still arising on suscep- 
tible barberries. The significance of the results is increased by the 
fact that these forms had not been found previously in extensive 
physiologic-form surveys made each year since 1917. 

There is strong circumstantial evidence that the numerous physio- 
logic forms now in existence have arisen principally as a result of 
hybridization. Despite very extensive experiments with physiologic 
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TaBLeE 10.—Physiologic forms of Puccinia graminis varieties isolated from aecia 
produced as a result of selfing pycnia on barberries inoculated with collections of 


> 


telios pore s, by States, 1926-32 


NUMBER OF TIMES FORM WAS FOUND 


_|3s aa | 42 | 22 = 
S sie2gi#i8iAIlAls 
Variety and form Siz SQ ielieclalimi=i=le 
& i = Z. ‘| =| = = = L = 
S\S\E/E/EISlE LE ElSISIE 
ClS|SiIMIS IZ I(SZizizisiblia 
P. graminis tritici 
y l ] 
Il 1 1 
Is l 1 
19 l 1 
21 1 l 1 3 
32 1 1 2 
$3 1 l 
4 l l 2 
$6 l 1 ] 3 
19 l l 
Sl ] l 
52 l 1 2 
él l 1 
67 l 3 1 
a6 1 l 
101 3 l 4 
127 l 1 
Total 2 l 18 1 -| 6 2 30 
P. graminis secalis 
1 | l 
7 1 | 2 4 ] 9 
’ 1 ] 1 3 
ll 1 1 | 12 14 
12 1 1 
14 l 1 
Total l l 3 4,19 7 l 29 
P. graminis avenae 
2 l 1 
NUMBER OF FORMS 
P. graminis tritici . | 2 1 14 l 6 2 17 
P. graminis secalis 1 l 3 3 5 . ss 1 6 
P. graminis avenae is F SB hee l 


forms since 1916, the writers have observed only two definite cases of 
mutation in parasitism, which are believed to be the only ones on 
record for Puecinia graminis. Color mutations are not infrequent, 
but mutation in pathogenicity seems rare. On the other hand, there 
is abundant evidence that new forms arise frequently through hybrid- 
ization. It seems reasonable, therefore, to assume that most physio- 
logic forms have arisen in this way. 

The large number of forms in regions where barberries become 
heavily rusted and the smaller number in regions where the aecial 
stage is rare also support the hypotheses just stated. As already 
pointed out by Waterhouse(/3), the presence of a large number of 
forms in the Mississippi Valley of North America and of a small 
number in Australia seems significant. Furthermore, in the rather 
isolated “Inland Empire” of the Pacific Northwest of the United 
States, where barberries rarely become rusted, there seem to be rela- 
tively few forms of Puccinia graminis tritici, although wheat has long 
been grown extensively in the region and club wheats, which are sus- 
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ceptible to nearly all forms known in North America, have been 
grown commonly. 

It is a striking fact, also, that so large a number of forms can be 
isolated from aecia and from uredia on grains and grasses in close 
proximity to barberry bushes. For example, a different form of 
Puccinia graminis tritici was isolated from approximately every thied 

g PI \ : 
collection of aecial material, whereas a different form was isolated 
from only each 100 collections of uredial material collected at random 
(tables 11 and 12). 


TaBLe 11.—Summary of the identity and number of physiologic forms of Puccinia 
graminis varieties isolated from aecial and telial collections, and uredial collections 
made near barberries, 1920-32 


Number of times each form was found 


Telial collec- 
Aecial collections from | Uredial collections near Binet il 
Form infected barberries infected barberries barberries ; 


Var. Var. Var Var Var Var. Var Var 
tritici | secalis | avenae tritici | secalis | avenae tritici | secalis 


Total 
Number of forms 


« Found near infected barberries only. 
» First isolated from barberries. 

¢ Isolated only from barberries 

4 From selfing only 
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Tas_e 12.—Physiologic forms isolated as compared with collections of Puccinia 
graminis varieties cultured 


Physiologic forms isolated from collections of designated spore stages 


Variety Aecial Uredial Telial ™ — er 


Ratio > |Percent« Ratio > |Percent* Ratio > Percent *) Ratio » |Percent 


P. graminis tritici 3. 62:1 





3. 74:1 26. 76 1. 76:1 56. 67 3. 15:1 31.72 

P. graminis secalis 3. 00:1 3. 50:1 28. 57 4. 83:1 20. 68 3. 65:1 27. 38 

P. graminis avenae 3. 00:1 3. 33:1 30. 00 3. 20:1 31. 25 
Weighted average for 

spore stages -| 3. 43:1 29. 13 3. 63:1 27. 52 2. 57:1 38. OS 3. 28:1 30. 51 


» As a basis of comparison, the ratio for P. graminis tritici was approximately 100:1 in the general physio- 
logic-form survey, when collections were made at random in the United States and Mexico, that is, 
from approximately each 100 collections a different form was obtained. 

» Ratio of number of collections cultured to number of physiologic forms found 

Percentage of physiologic forms in terms of the number of collections cultured 


Evidently barberries are responsible, therefore, not only for the 
production of new forms, but also to a considerable extent for their 
persistence; and in previous publications abundant evidence has been 
presented showing that barberries also are responsible for the dissemi- 
nation of a tremendous amount of inoculum early in the growing 
season. 


SUMMARY 


The writers have investigated the role of barberries in the produc- 
tion and perpetuation of physiologic forms of Pucecinia graminis in 
nature. 

During the past 13 years inoculations were made on the common 
small grains with material from 675 aecial collections of Puccinia 
graminis obtained from the northern part of the United States. Of 
these, 281 caused infection, 34.2 percent being of the tritici variety, 
63.7 percent of the secalis variety, and only 2.1 percent of the avenae 
variety. 

The relative prevalence of the different varieties of P. graminis 
probably is governed to a considerable extent by the distribution voi 
wild grasses susceptible to the different varieties. 

The varietal identity of 138 uredial collections of P. graminis ob- 
tained within 100 yards of rusted barberries also was determined, 
with the following percentages: tritici, 52.2 percent; secalis, 32.6 per- 
cent; and avenae, 15.2 percent. These percentages probably were 
affected by a certain amount of conscious selection of hosts known 
to be susceptible to certain rust varieties. 

The results given above, supplemented by other observations, indi- 
cate that stem rust of rye (P. graminis secalis) is almost wholly de- 
pendent on barberries for its persistence in the United States. 

From 94 aecial collections of P. graminis tritici, 26 physiologic 
forms were isolated, a different form from approximately every 4 col- 
lections, whereas from about 8,000 uredial collections made at ran- 
dom over a period of years a different form was isolated from about 
every 100 collections. 
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Of the physiologic forms isolated from P. graminis tritici, forms 
36 and 38 were the most prevalent. 

Four forms (62, 102, 104, and 105) never have been isolated from 
any source other than rusted barberries. Forms 61 and 66 were iso- 
lated first from rusted barberries but subsequently were isolated 
from rusted wheat also. 

From 71 uredial collections of P. graminis tritici made near rusted 
barberries, 19 physiologic forms were obtained, one of which (form 48) 
never has been found elsewhere in the United States, although reported 
several times from Canada. 

The results indicate that barberries in nature are responsible for 
the production of new physiologic forms of P. graminis tritici as well 
as for the persistence of numerous forms. 

Twenty-seven aecial collections of P. graminis secalis comprised 
9 physiologic forms, and 28 uredial collections obtained near rusted 
bushes comprised 8 forms, a far larger number in proportion to the 
number of collections than in the case of uredial collections made at 
random. Forms 7 and 11 were the most prevalent; form 5 has been 
obtained only from aecia or uredia formed near infected barberries, 
and form 14 was isolated only from aecial collections or was the prod- 
uct of ‘‘selfing’’ on barberry. 

Only six aecial collections of P. graminis avenae were identified, 
forms 2 and 5, which are widely distributed in the United States, 
being isolated. A new form (10), however, was isolated from oats 
near rusted barberries. It is far more virulent on the Richland group 
of oat varieties than either of the other two forms mentioned. 

When barberries were inoculated with telial material in the green- 
house, the ratio between the number of forms isolated and the number 
of telial collections used for inoculating was 2 to 5. For example, 17 
forms were isolated from 30 cultures of P. graminis tritici and 6 forms 
from 29 cultures of P. graminis secalis. 

Forms 67, 96, and 127 of P. graminis tritic?, isolated as a result of 
inoculating barberries with teliospores, never have been obtained 
from uredial material in the field, and another form (101) has never 
been found in the United States except on artificially inoculated bar- 
berries, although it was isolated from uredial material collected in 
Bulgaria. 

Two physiologic forms (4 and 14) of P. graminis secalis were iso- 
lated from artificially inoculated barberries and from naturally 
infected bushes in the field, but form 14 has never been isolated from 
uredial material. 

It is concluded that in nature barberries are important in the pro- 
duction and persistence of physiologic forms and in the persistence of 
certain varieties of rust, especially P. graminis secalis and probably 
P. graminis agrostidis and P. graminis poae also. 
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SIZE AND ARRANGEMENT OF PLOTS FOR YIELD TESTS 
WITH CULTIVATED MUSHROOMS ! 


By EpmuNpD B. LAMBERT? 


Associate pathologist, Division of Mycology and Disease Survey, Bureau of Plant 
Industry, United States Depariment of Agriculture 


INTRODUCTION 


Numerous studies have been made to determine the most efficient 
plot technic for various agronomic and horticultural crops under 
different conditions. A bibliography on this subject has been 
— recently.* 

In the few papers dealing with the results of yield tests in experi- 
ments with the cultivated mushroom (Agaricus campestris L.) a 
discussion of plot technic has been entirely neglected. Yet plot 
technic is of unusual importance in mushroom tests since there is 
normally more variability in mushroom beds than in ordinary field 
plots and the experimenter has an unusual opportunity to control 
conditions. Furthermore, the number and size of experimental 
plots must be reduced to a minimum because the labor and expense 
of yield tests is increased tremendously by the mushroom’s habit of 
fruiting continuously for 3 or 4 months. 

In commercial practice mushrooms are usually grown on shelf beds 
in windowless sheds or houses. An average mushroom house is 
about 60 feet long and contains 2 tiers of 5 or 6 shelf beds in which the 
individual beds are 24 inches apart. The beds are 5 or 6 feet wide 
and run the entire length of the house, except for a narrow passageway 
at each end of the house.‘ As a result of the placing of uprights and 
bed supports at 4-foot intervals along the bed (fig. 1), the beds are 
normally subdivided into small sections 4 feet wide and extending 
across the bed. 

These structural features suggest at least four convenient units of 
bed space which might be used for yield trials—entire houses, tiers of 
beds, beds, and sections. 

Practical experience soon shows that entire houses are not suitable, 
for differences in compost heaps and in the prevalence of fungus 
diseases and pests in the various houses more than counterbalance 
the advantages gained by the large area harvested. ‘Tiers of beds 
are preferable to entire houses, since comparisons may be made among 
test areas located in the same house, and since the beds are made from 
the same compost heap. For most experiments, however, this 
arrangement is not satisfactory because it precludes replication of the 
experimental areas owing to the fact that there are only two tiers 
of beds in a house. These objections do not apply to the use of beds 
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or smaller plots, such as sections or groups of sections, for test units, 
Therefore, for most experiments beds or parts of beds would seem 
to be, a priori, the proper experimental units. 

The choice between entire beds and smaller plots depends largely 
on the comparative variability of the yields from these units. The 
experiments outlined in this paper were designed primarily to throw 
light on this question and on the problem of plot arrangement. 


MATERIAL AND METHODS 
The experiments were conducted as simple uniformity trials. They 


were made in the Department’s experimental mushroom cellar at the 
Arlington Experiment Farm, Rosslyn, Va., and in commercial houses 





FIGURE 1.--Experimental mushroom beds at Arlington Experiment Farm, Rosslyn, Va., divided into 

1»-section plots 2 feet wide and extending across the bed. Note the placing of upright supports at 4-foot 
intervals; this is the standard arrangement in commercial houses and the beds as a matter of convenience 
ire usually filled, with sections as unit areas, by unloading 10 or 12 bushels of compost at one time in the 
area between upright supports 


at Downingtown and Coatesville, Pa. The manure was composted 
in the regular manner, and the beds were filled with compost at the 
rate of approximately 1 bushel for 2 square feet of bed space. At 
Arlington Farm and Downingtown the beds were filled by emptying 
10 bushel baskets into each 4-foot section on beds 5 feet wide and 12 
bushel baskets into each section on beds 6 feet wide. At Coatesville 
2 sections were filled at one time with 24 bushels of compost. In each 
experiment the composting in the heap was done as uniformly as 
possible, the same batch of spawn was used for the entire surface, and 
the casing soil was from a single source in each house. The sections 
at the ends of the beds were discarded because the vields from these 
sections are frequently reduced by excessive drafts. The picking was 
done at intervals of from 1 to 3 days until the beds were practically 
exhausted. In this connection it should be noted that the production 
period was terminated at Arlington Farm by a spell of hot weather 
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and the lower beds, which were slow to start, were injured more than 
the upper beds. 

At Arlington Farm the total experimental area consisted of 5 beds 
each divided into 10 plots one half section (2 feet) wide (fig. 1). At 
Downingtown 5 beds were each divided into 10 plots one section (4 
feet) wide. At Coatesville 4 beds were each divided — 10 plots one 
section (4 feet) wide. The yields given in table 1 for the —— 
plots are the sums of all the daily yields taken over a period of 
months for each plot. 


The ‘‘analysis of variance’? method, devised and described by 
Fisher,’ was used for analyzing the data. An arithmetical procedure 


was followed similar to that outlined by Fisher and Wishart.° 


ANALYSIS OF YIELD DATA FROM UNIFORMITY TRIALS 


ARLINGTON EXPERIMENT FARM, ROSSLYN, VA. 


The yields of the 50 individual plots on the 5 experimental beds 
at Arlington Farm are given in table 1. If the 10 plots are considered 
as separate treatments and the beds as replicate blocks of these 
treatments, an analysis of variance, as shown in table 2, may be 
calculated that helps to clear up many of the points with which we 
are concerned. 















TABLE 1. 


Yields of mushrooms in 3 


> 


uniformity trials 


YIELD PER 10-SQUARE- eed PLOT IN ct hg a AT ARLINGTON 
EXPERIMENT FARM, ROSSLYN, ; 
Yield from plot no 
Bed no 
1 2 3 { ) 6 7 S 9 10 

Ounces | Ounces Ounces| Ounces; Ounces | Ounces | Ounces, Ounces | Ounces | Ounces 

l 382 263 242 312 Is4 226 283 27: 272 262 
2 286 338 239 336 239 207 216 23 220 266 
) 153 154 143 175 167 203 209 170 203 201 
4 145 143 158 170 176 174 127 167 133 153 
5 162 148 158 194 176 181 183 239 210 193 
YIELD PER 24-SQUARE-FOOT PLOT IN A COMMERCIAL MUSHROOM HOUSE AT 

DOWNINGTOWN, PA 

Pounds | Pounds Pounds | Pounds | Pounds | Pounds | Pounds | Pounds Pounds | Pounds 

l 21 21 25 2 28 3 20 24 25 2: 
2 36 27 32 27 28 27 24 38 30 23 
; 20 20 20 ”y 15 24 36 29 21 30 
4 28 25 16 22 23 24 20 21 20 27 
5 24 21 19 36 26} 33 28 24 32 23 
YIELD PER 24-SQUARE-FOOT PLOT IN A COMMERCIAL MUSHROOM HOUSE AT 

COATESVILLF, PA 

l 31 36 42 37 50 45 42 40) 43 37 
2 42 41 41 42 41 31 45 47 45 42 
3 43 40) 4] 40) 40) 50 37 45 6} 39 
4 31 34 42 35 42 37 41 41 4) 43 
FISHER, R. A. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 3, rev. and enl., 283 p., illus 
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In the reduction of the data the first objective was to determine 
the comparative efficiency of beds taken as a whole and of smaller 
plots such as sections or groups of sections. The data indicate higher 
variability between beds than between smaller plots (within beds) and 
lend themselves to the application of Fisher’s z test to determine the 
statistical significance of this difference. When Fisher’s table VI 
is consulted it is apparent that the observed value of z exceeds the 
l-percent point in all cases, and it may be concluded that the differ- 
ences are significant. The odds are more than 100 to 1 that such a 
difference would not occur as a result of chance variation. Since the 
variance between beds was significantly greater than the variance 
within beds, the data indicate that greater precision can be expected 
with smaller plots, and justify the arrangement of plots in the beds 
so that the variance between beds can be eliminated in calculating 
the standard error. In practice this would mean the random dis- 
tribution of treatments on the beds with the restriction that each 
treatment shall occur once on each bed. 

Conceivably, there might be conditions in the mushroom house 
that would bring about a consistently larger yield at one end of several 
of the beds analogous to the fertility gradients frequently encoun- 
tered in soil-heterogeneity studies. Under these conditions there 
probably would be justification for arranging the plots in 5 by 5 
Latin squares, in which the plots in each bed would constitute the 
rows and the plots one above the other or opposite one another in the 
house would constitute the columns of the square. Since all the plots 
have been treated uniformly the justification for such a procedure 
can be tested from the data in table 1 by calculating and comparing 
the variance between columns with the variance within columns and 
blocks. This comparison also is given in the analysis of variance 
shown in table 2. In this case the variance due to the interaction of 
beds and columns (error) is larger than the variance between columns, 
indicating that there would be no significant gain in the precision of 
the experiment by arranging the plots in a Latin square. 

The next point of interest to be considered is the gain or loss in 
efficiency from the use of different-sized plots, such as one-half section 
(10 square feet), full section (20 square feet), or 114 sections (30 square 
feet). In a series of analysis of variance as shown in table 2 the 
standard error in percentage of the mean, or coefficient of variability, 
was found to be reduced from 17.24 for one-half sections to 13.6 for 
entire sections, and 12.4 for 1 sections (triple plots). On a plot 
basis this indicates a gain in precision with increase in plot size, but 
full-section plots take up twice as much space as the 's-section 
plots and 1's-section plots take up three times as much space. This 
raises the question of the relative efficiency of '-section plots, 
full-section plots, and triple plots when the same area is used in each 
case. Immer’ gives a method of determining the efficiency of plots 
of varying size and shape, calculated on the basis of variance per unit 
area of land, that can be used to answer this question. With the 
small plot as a standard, the relative efficiency of the larger plots 
was found by multiplying the square of the coefficient of variability 
per plot by the quotient of the area of the larger plot divided by the 
area of the small plot and expressing the result in percentage of the 


7 IMMER, F. R. SIZE AND SHAPE OF PLOTIN RELATION TO FIELD EXPERIMENTS WITH SUGAR BEETS, Jour 
Agr. Research 44: 649-668, illus. 1932 
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square of the coefficient of variability of the small plot used as a 
standard. When calculated in this way, if the '-section plot is 
considered as 100 percent efficient it becomes apparent that on an 
area basis the efficiency of the full section is only 80.3 percent and the 
efficiency of the 1'-section plot only 68.3 percent. In other words, 
under the conditions exemplified by the plots studied, 10 replications 
of s-section plots are preferable to 5 replications of entire sections; 
and 15 replications of }:-section plots 


are preferable to 5 replications of 1'- TTT 
section plots. A 

Theoretically it seems probable —— 
that the customary method of filling B Baal | 


the beds with compost and of using 
sections in the beds as units for filling i 
would cause a greater variability be- C _— 
tween normal sections than between “7 7] 7 T~ 
areas of similar size that do not coin- yp 
cide with the sections on the bed. : 
The data at hand offer a means of | | | | | | | 
testing this hypothesis. It is merely “ ros 
necessary to shift over one plot before | 
pairing the yields of the ':-section F = | __ 
plots to obtain for consideration a set eS : 
of yields from areas equal in size to || | | | 
sections but overlapping the normal G Sas 
sections in the bed. If the foregoing = -_ | ’ 
conjecture is correct the coefficient of | | 
a coe : . H = | i = 
variability calculated from these units = " : 
of area should be lower than the co- | 
efficient of variability calculated when Z —_1—_1—__i_—__—__1_ 
normal sections are used as plots. An Fiavre 2.—Diagram showing relative size and 
| aS f eae ‘ | . | ] *¢ arrangement of plots in typical blocks, A-D, 
analysis OF variance Dased on 4 shifted Plots at Arlington Experiment Farm, Rosslyn, 
+ . a se ac e r Va.: A, 2-foot plots, 10 plots per block (or bed), 
plots in eac h of 5 beds, as shown § tine Geol anal: 'B. Glock tise Byes 
graphically in figure 2, gave a coeffi- per block. 5 blocks; C, 6-foot plots, 3 plots per 
pis f ad | ili nf QE7: ae block, 5 blocks; D, 4-foot plots, 4 plots per 
clent of variability of 9.57 in contrast block, overlapping units of filling, 5 blocks. 
-a ato P cra ma bashed er 24 Eand F, plots at Downingtown, Pa.: E, 4-foot 
to the coefficient of variability of 13.6 jiots, 16 plots per block, 5 blocks; F,’ &-foot 
obtained for normal sections. The __ plots, 5 plots per block, 5 blocks. ‘G-J, plots 
: | 2 ] ae of a 2s | at Coatesville, Pa.: G, 4-foot plots, 10 plots 
conclusion, therefore, seems justifiec per block, 4 blocks: //, 8-foot plots, 5 plots per 
‘ .. tare slate av »1Y . block, 4 blocks; J, 8-foot plots, 4 plots per 
that less v ariability may be « xpec ted block, overlapping units of filling, 4 blocks 
when the experiment is so arranged 
that the areas used as units for harvesting do not coincide with the 
areas used as units for filling the beds with compost. On an area basis 
the overlapping plots were 201.9 percent as efficient as the normal 
sections and 162.2 percent as efficient as the 's-section plots. 


— 











DOWNINGTOWN, PA. 


The yields of 50 plots from the five experimental beds at Downing- 
town, Pa., are given in table 1. 

When the analysis of variance summarized in table 2 is applied to 
these data the value of z obtained from a comparison of the variance 
within beds with the variance between beds is 0.47468. This is 
slightly less than the 5-percent point, and indicates that, unlike the 
Arlington Farm experiments, the precision of the experiment was not 
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significantly increased by the arrangement of the plots to facilitate 
elimination of the variability between beds. In like manner it was 
shown that there is no justification for arranging the experiment in 
Latin squares and removing variability due to columns. On an urea 
basis, however, there can be little doubt of the advant age of using 
replic ate small ‘plots rather than entire beds. 

The coefficient of variability, calculated from the total variance 
for the data obtained by harvesting plots coinciding with sections on 
the bed (table 2), is 19.7. When the area of the plot is doubled 
(fig. 2 and table 2) the coefficient of variability drops to14.8. The lower 
coefficient of variability is to be expected both on the basis of the 
increase in the size of plot and the dissimilarity of the area used for 
harvesting and the area used for filling the bed with compost. How- 
ever, on an area basis the double section is only 88 percent as efficient 
as the section plot. 

COATESVILLE, PA. 

The yields of 40 plots from the 4 experimental beds at Coatesville, 
Pa., are given in table 1 

An analysis of variance applied to these data leads to conclusions 
similar to those derived from the experiments at Downingtown. Here 
again it is evident that small plots are preferable to entire beds on an 
area basis although there was no significant gain in the precision of 
the experiment by accounting in the analysis for the variance between 
beds or between columns. The coefficients of variability calculated 
from the total variance for single sections and double sections, respec- 
tively, were 10.6 and 7.2 (table 2). This experiment differed from the 
previous ones in that on an area basis the double section was slightly 
more efficient (108 percent) than the single section. 

It should be recalled that in this experiment the units used for 
filling the beds with compost were double sections corresponding 
to plots 1 and 2, 3 and 4, 5 and 6, ete., in table 1. Theoretically 
the coefficient of variability should be lower if the yield data are 
combined so that the double sections used for plots in harvesting do 
not coincide with the areas used as units for filling the beds. To test 
this conjecture the coefficient of variability was calculated from the 
double sections 2 and 3, 4 and 5, 6 and 7, etc., as plots. With plots 
arranged in this way the coefficient of variability drops to 4.1. This 
corroborates the evidence in the Arlington experiments in favor of 
arranging the plots so as not to coincide with areas used as units in 
filling the beds. On an area basis double plots harvested in this 
manner are 308 percent as efficient as the double plots harvested from 
the same areas as were used for filling the beds and 334 percent as 
efficient as the single sections. 


DISCUSSION AND CONCLUSIONS 


The foregoing experiments demonstrate conclusively that small 
plots are preferable to entire beds as experimental units in a mushroom 
house. The variance of the small plots was in all cases less than the 
variance of entire beds. Furthermore, the small plots permit a 
greater number of yield comparisons on the same area and also permit 
increased precision through replication and through the arrangement 
of the plots so as to reduce the effect of compost heterogeneity and 
account for the variability between beds. 








ce 
on 
ed 
er 
he 
for 
w- 
‘nt 


ns 
pre 
an 
of 
en 
ed 
ec. 
che 
tly 


for 
ing 
lly 
are 
do 
est 
the 
ots 
his 
of 
in 
his 
om 
as 


all 
om 
the 


mit 
ent 
ind 





June |, 1934 Yield Tests with 








Cultivated Mushrooms 979 
The results of the uniformity trials at both Arlington and Coatesville 
indicate an important relationship between the arrangement of the 
plots and the method employed for filling the beds with compost. 
When areas were used for harvesting which were comparable in size 
to the areas used for filling the beds but which overlapped the latter 
areas there was markedly less variability than when the same areas 
were used as units for both filling and harvesting. It would seem 
from this that the customary method of filling the beds by emptying 
10 or 12 bushel baskets of compost at a time in each section or by 
emptying 20 or 24 bushels into each double section induces an 
excessive variability in the yields from these areas. It is advisable, 
therefore, to arrange the plots so that they do not coincide with the 
units of area used for filling the beds. Probably a further gain can 
be made in the precision of yield tests by modifying the system of 
filling experimental beds in order to mix the compost and distribute 
it more uniformly in the beds. A practical method of doing this is 
to fill the beds by emptying 1 bushel of compost at a time in each 
section at random in the bed until every section has received the 
required amount of compost. 

This method of mixing the compost in the bed should reduce the 
variability between plots on a bed, but probably would have little or 
no effect on the variability between beds. Therefore it is necessary 
to account for the variability between beds in the reduction of the 
data. This may be accomplished by randomizing all the treatments 
on each of the beds so that the beds can be considered as replicate 
blocks in Fisher’s randomized-block system of analyzing the data. 
As there was no significant fertility gradient (column effect) from 
one end of the house to the other, randomized blocks are preferable to 
Latin squares in that they leave more degrees of freedom for error 
and thus permit a more precise test of significance. 

The question of the most desirable size among small plots is some- 
what problematic. In all the trials the larger plots varied less than 
the smaller plots, so that more precision can be expected from the 
use of whole sections than '-section plots, double sections than 
single sections, etc. But in 2 out of the 3 experiments the increase 
in precision with increase in plot size was not proportional to the 
increase in plot size. In other words, greater experimental precision 
was obtained for a given area by increasing the replication of small 
plots than by increasing the size of the plots. In practice, however, 
it is usually more expensive to increase replication than to increase 
plot size; so the experimenter must reach a compromise, depending 
on circumstances. In the writer’s opinion sections 4 by 5 feet make 
satisfactory plots in a small experimental house such as the one at 
Arlington Farm and double sections are a good compromise for con- 
ventional houses. This allows the comparison of five different 
varieties or treatments in a single experiment if all the treatments 
are laid out on each of the replicate beds in accordance with the 
randomized-block system. 

Before leaving the question of plot size, perhaps a word of expla- 
nation should be offered for an apparent anomaly in the results, 
namely, that increased precision is obtained by increasing the size of 
the small plots on the bed yet when entire beds are used as plots the 
experiments are less precise. Practical experience suggests that this 
is due to the fact that greater differences may be expected in the 
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moisture content of the compost, diseases, insect flora, and tempera- 
ture from the top of the house to the bottom than from end to end. 
This is substantiated by the greater variation between beds than 
between columns shown in table 2. 

The advisability of replicating treated plots need hardly be dis- 
cussed in view of the fact, already pointed out, that on an area basis 
in 2 out of the 3 uniformity trials precision was gained more rapidly 
through replication than through increase in plot size. The question 
at issue is how many replications are advisable under the limitations 
laid down by the conditions of the experiment, the funds available, 
and the structural features of the experimental house. In the 
writer’s opinion 5 or 6 replications are a good compromise since they 
will usually enable the investigator to detect differences in yield of 
approximately 10 percent, due to experimental treatment. If 
greater precision is necessary it can be obtained through increased 
replication, as the randomized-block plan allows as many replications 
as there are beds in the house—usually 12 to 20. When different 
composts are being compared it is desirable to replicate the compost 
heaps in addition to replicating the plots derived from each experi- 
mental compost heap. 

SUMMARY 


Yield data are discussed from uniformity trials in the experimental 
mushroom house at Arlington Experiment Farm, Rosslyn, Va., and 
in commercial houses at Coatesville and Downingtown, Pa. 

These tests indicate that small plots are preferable to beds as 
experimental units. Double sections containing from 40 to 48 square 
feet of bed space seemed to be the most practical size of plot for 
experiments in commercial houses. In one of the experiments there 
was a distinct advantage in arranging the plots on the beds so as to 
make it possible to account for the excess variation between beds in 
analyzing the data. 

A gain in precision also was apparent when test plots were so 
arranged that they did not coincide with the areas used as units for 
filling the beds. Therefore, a modification of the usual method of 
filling beds is suggested for experimental yield tests. 

At least 5 or 6 replications seem to be necessary. 





MAGNESIUM, CALCIUM, AND IRON REQUIREMENTS 
FOR GROWTH OF AZOTOBACTER IN FREE AND FIXED 
NITROGEN ' 


By C. KENNETH Horner, junior scientific aid, and DEAN Burk, associate physical 
chemist, Fertilizer Investigations Unit, Bureau of Chemistry and Soils, United 
States Department of Agriculture 


INTRODUCTION 


Most of the investigations concerning the inorganic nutrient re- 
quirements of Azotobacter have not involved comparisons of growth in 
the presence and absence of fixed nitrogen. The majority have been 
chiefly qualitative studies in which free nitrogen gas only was used, 
and they have yielded no evidence as to whether a particular element 
played a necessary role in fixation or was a general growth nutrient. 
Burk and Lineweaver (6) * have recently reported an elaborate series 
of experiments with both macrocultures and microcultures (Erlen- 
meyer and Warburg technic) in which calcium (or strontium) was the 
only metallic ion found to be specifically required in the catalysis of 
the nitrogen-fixing process at concentrations greater than 0.01 milli- 
molal. Magnesium and iron (7) were found to be highly stimulating 
to the growth process in both free and fixed nitrogen over the respec- 
tive concentration ranges 0.1 to 3 millimolal and 0.001 to 0.015 
millimolal, but no studies were carried out at lower concentrations to 
ascertain whether these elements were strictly essential. 

The present work has extended these investigations in a quanti- 
tative manner, with particular reference to the absolute growth re- 
quirements. Considerably modified cultural conditions have been 
employed. The experiments have lasted several days or weeks, 
instead of 6 to 48 hours, thereby permitting maximum growth. 
The nutrient media have been maintained at the most recently de- 
termined optimum concentrations with respect to all known nutrient 
requirements except the element or elements under consideration. 


REVIEW OF LITERATURE 


According to Buchanan and Fulmer (5), magnesium is essential to 
the growth of many, though not all, micro-organisms. Lainossier (22) 
has shown that it is required for the development of Oidium lactis, 
Buromsky (/1) that it is essential for the growth of Aspergillus niger 
and not replaceable by calcium, and Lockemann (23) and Frouin 
and Guillaumie (13) that it is not replaceable by calcium, strontium, 
or any of the rare ¥r metals in the case of the tuberculosis bacillus. 
Frouin and Ledebt (74) have shown magnesium to be replaceable by 
certain of the rare ae for the produc tion of pigment by Bac illus 
phocaneus. Many others report stimulating action upon micro- 
organisms at low concentrations of magnesium, with toxicity as the 
concentration is increased to 100 to 500 millimolal: however, essen- 
tialness at very low concentrations has rarely been definitely deter- 
mined. 
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Rippel and Stoess (27) concluded from experiments with a variety 
of bacteria and fungi, as well as from a review of the literature, that 
calcium is not a generally indispensable nutrient for micro-organisms 
but is occasionally necessary for some special physiological process, 
such as nitrogen fixation by Azotobacter. On the basis of his compre- 
hensive experiments concerning the calcium requirements of living 
forms, Loew (24) concluded that most lower organisms, in contrast 
to the algae and higher organisms, rarely contain calcium. 

Krzemieniewska (21), who has made one of the few quantitative 
studies of the inorganic nutrient requirements of Azotobacter, found 
that 0.16 millimolal of magnesium and 0.12 millimolal of calcium 
were necessary for maximum growth, whereas zero concentrations of 
either substantially prevented all growth and nitrogen fixation. The 
experiments were carried out in free nitrogen only, however, so that a 
comparison of the action of either element on the growth and fixation 
processes was not possible. Schréder (29) found calcium not to be 
essential for Azotobacter growth in fixed nitrogen, but stimulating, and 
concluded that this effect was due more to a neutralizing action than 
to any specific effect of the calcium ion. Stapp and Ruschmann (30) 
found little or no beneficial effect of calcium in a medium containing 
nitrate. 

Very little work has been carried out on the iron requirements for 
bacterial growth because the limiting concentration range is usually 
about one-thousandth that of elements such as magnesium or calcium, 
and most culture media, especially those containing organic nutrients, 
generally contain sufficient impurity to produce maximum growth. 
A brief review of the most pertinent previous investigations on general 


bacterial growth is given by Buchanan and Fulmer (4, p. 4/1). 
Previous work with respect to Azotobacter has been reviewed elsewhere 
(7, pp. 441-442). 


METHODS 


Several media were employed, termed ‘“‘basal’’ (A), ‘‘customary” 
(B), ‘‘altered”’ (C), ‘“‘humate-free’”’? (D), and ‘‘charcoal-treated” 
(E). The basal medium A consisted of 0.64 g (3.68 millimolal) K,H PO,; 
0.16 g (1.18 millimolal) KH,PO,; 0.2 g (0.81 millimolal) MgSO,7H,0; 
0.05 g (0.29 millimolal) CaSO,2H,O; 0.2 g (3.42 millimolal) NaCl; 
0.5 mg (0.009 millimolal) Fe as synthetic humate iron *; and 20 g 
(55.5 millimolal) Mallinckrodt’s sucrose crystals per liter. This 
medium was used as a standard control in most of the work. It pro- 
vided a heavy growth of Azotobacter (20 mg organic nitrogen per 100 cc) 
and did not precipitate upon being sterilized. Customary medium B, 
employed previously (6, 7), contained 1 percent glucose instead of 2 
percent sucrose, no humate iron, and slightly more calcium and phos- 
phate. Altered medium C contained more or less added Ca or Mg 
than basal medium A; it precipitated upon standing if the Mg 
content were lowered to 0.04 millimolal or the Ca or phosphate 
content increased 20 percent or more. Humate-free medium D 
consisted of basal medium A with no Fe added as humate iron. 
Charcoal-treated medium E was prepared by shaking 1 | of humate- 
free medium D with 75 g of purified Baker’s animal charcoal, allowing 
to stand for several days, and filtering. Humate iron was added to 
the filtrate before use in order to insure optimum iron for growth. 


For method of preparation see the following publication: Horner, C. K., Burk, D., and Hoover, 
S. R. THE PREPARATION OF HUMATE IRON AND OTHER HUMATE METALS. Plant Physiol. (In press.) 1934 
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Preliminary purification of the charcoal in order to remove consider- 
able amounts of adsorbed gases and other impurities was accomplished 
by leaching 3 to 6 times at intervals of several hours with equal 
weights of 6 N HCl and finally washing on a Buchner filter with 
dilute alkali and then distilled water until the wash water was neutral. 

Fixed nitrogen when employed was added at the rate of 100 to 200 
mg (7.1 to 14.2 millimolal) per liter, as KNO;, NH,Cl, or urea. 

Erlenmeyer or Florence flasks of 150 to 250 ce capacity containing 
15 to 25 ce of nutrient solution and plugged with cotton were employed 
as culture flasks. Sterilization was accomplished by autoclaving for 
10 minutes at 15 pounds pressure, 20 percent extra distilled water 
being added to each flask to make up for loss by evaporation. The 
culture flasks were inoculated with 3 drops of culture grown in aeration 
bottles containing 100 ce of customary medium. In the experiments 
where it was desired to minimize as much as possible any Ca or Mg 
carried over by the inoculum, heavy 2- to 7-day cultures were diluted 
50 to 100 times with sterile medium free from these elements. The 
cultures were incubated in duplicate or triplicate at 28° to 30° C. for 
2 to 10 days, occasionally longer, with frequent observations. 

Growth was measured turbidimetrically with a Bausch & Lomb 
nephelometer, corrections being made for any significant original 
turbidity in uninoculated cultures (cultures of low Mg content). 
The original and final pH values were measured colorimetrically by 
using the various La Motte indicators and standards. The original 
pH of all media was 7.0+0.2. In general, the pH values tended to 
decrease a maximum of | to 2 units with increase in growth, except in 
the case of cultures with nitrate, where the values often increased. 
The buffering capacity of the medium was substantially independent of 
the Ca or Mg concentration, being controlled chiefly by the phosphate 
concentration. In general, the sugar was rarely entirely consumed by 
the end of an experiment. 

The organism employed was Azotobacter vinelandii, capable of very 
active nitrogen fixation and long in use at this laboratory. According 
to the recent work of Kluyver and van Reenen (18), this species is the 
common motile form of Azotobacter, of relatively small size, occurring 
in soils. It produces a green fluorescent pigment, and at times as- 
sumes either a lighter, yellow, or darker, pink or purple, tinge, especially 
in the presence of molybdenum. 


EXPERIMENTAL RESULTS 
MAGNESIUM AND CALCIUM 


Tables 1, 2, and 3 show fair examples of the relative growths 
obtained with Azotobacter with a wide variety of Mg and Ca concen- 
trations under otherwise approximately optimal conditions. The 
ratios of growths in altered media C to those in basal medium A are 
given as the most direct means of comparing the results in the different 
experiments at various stages of growth and with the three forms of 
nitrogen employed. Table 1 shows the effect upon growth of lowering 
either Mg or Ca while the other element is kept constant at the usual 
concentration; the results with varying Mg in the 10-day experiment 
are plotted in figure 1. 

In general, the fraction of normal growth at any concentration of 
Mg is roughly the same in free or fixed nitrogen, although the actual 
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growth may be 2 to 4 times as great in the latter. The fraction ‘ends 
to become smaller with the duration of the experiment and extent of 
growth, as would be expected if Mg were an essential cell nutrient, 
In other experiments lasting 30 to 40 days, cultures without Mg were 
only about one-hundredth as turbid as the basal medium controls, 
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FiGure |.—Growth of Azotobacter in free and fixed nitrogen as a function of magnesium concentration 
Curves | and 2, growth (turbidity) in Ne and nitrate, respectively, 10-day experiment (table 1). Curve 
3, growth (nitrogen fixed) in No, 12-day experiment, data of Krzemieniewska (2/) (ordinate scale different 
from that for curves | and 2). 

The growth of Azotobacter, independently of the source of nitrogen, 

decreases from normal at 0.05 to 0.1 millimolal Mg to one-fiftieth to 

one-hundredth of normal at 0.002 millimolal Mg (estimated maximum 
impurity in basal medium and inoculum). 


TABLE 1.—Effect of Ca and Mg concentrations upon Azotobacter growth and 
fixation 


oo altered medium C ,; 
Growth (turbidity) ratio, ¢ , in 
basal medium A 





Ca Mg Experiment 1, 3 days Experiment 2, 10 days 
N: (air)| KNOs Urea N: (air)| KNO Urea 

Milli- Milli- 

molal molal 
+0. 29 > 0.810 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 
.29 . OR1 1. 000 .573 | . 940 1. 320 1. 240 1, 300 
29 . 061 . 356 : . 658 . 450 . 873 1, 270 
29 040 339 . 439 . 367 R55 . 795 
29 . 020 . 339 . 32% 37 306 640 306 
29 008 319 . 329 . 327 181 . 423 . 183 
.29 004 319 . 267 . 204 122 . 350 . 144 
29 . 000 . 257 .114 . OR4 037 141 . 066 
15 . 810 SON . 958 . 800 .718 . 953 1. 120 
06 810 . 628 1.040 . 648 . 768 1. 050 1. 220 
03 ‘810 . 532 840 .550 | .568 1, 295 1. 190 
006 810 . 172 .710 . 523 437 . 940 1. 060 
00 S10 130 . 545 . 470 295 . 606 1. 190 


* Relative growths in basal medium A—Nb2: NOs;:urea (3 days) =1:3.7:3.7; (10 days) =1:2.0:4.1, 
> Basal medium A, 
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TABLE 2.—-Effect of variable Ca-Mg ratios upon Azotobacter growth and fixation 


Milli- Milli- 


molal molal 
0. 290 0.0 


029 0 

O12 0 

200 Os 1 
O12 . 016 
006 OOS 
200 5.810 
O87 . 240 
029 . O81 
004 028 
029 Sl 

029 2.43 
029 4.86 
0 4.86 
0 2. 43 
0 bad! 

0 OS 1 
0 O16 
0 0 


Relative growtl 
1.0:0.9:1.5 

> Basal medium 

Charcoal-treate 


TABLE 3.—Influence of Ca in medium and inoculum upon growth in free and fixed 


KNO 


Urea 


NHC 


2 days 3 days 6 days 

| a+ a + 37 123 
4 36 107 

b + 7 24 

| 6 26 
t t 58 }21 234 
4 56 92 227 

+ 25 65 286 
25 75 149 

| + 44 212 is4 
$4 172 374 

| + 43 209 72 
20 121 455 

8S 166 231 

+ 52 141 231 
| + 81 S34 123 
60 100 140 

+ 63 167 316 

Average of KNOs:, urea, and + 47 135 277 
N Cl | + 50 179 293 
38 99 248 


* Basal medium 


> Altered medium C (basal medium A without Ca). KNO, present in Ca-free medium used to prepare 


inoculum; such ino 


When the 
seen to eXis 
creased a m 
70 to 90 pere 


more pronounced in the early stages of growth in both free and fixed 
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: . , altered medium C 
Growth (turbidity) ratio, — in 
basal medium A 





Ca/M Experiment 1, 4 days | Experiment 2, 7 days | Experiment 3, 10 days 
ae 
No(air)) KNO; | Urea | No(air))} KNOs)| Urea | No(air)) KNO3!| Urea 
x 0. 162 0. 628 0. 230 | 0.101 0.315 0.093 | 0.032 0. 332 0. 073 
x . ORS 424 280 069 . 202 . O85 
x : . 016 .175 074 
3. 58 1, 220 . 695 1. 565 981 . 935 1. 010 
75 O15 589 448 
75 . 018 . 438 214 
36, 1.000 1. 000 1.000 | 1.000 1. 000 1.000 | 1.000 1. 000 1.000 
36 918 742 1.190 705 . 565 1. 000 
. 36 . 166 935 878 4 158 5 &S5 
14 130 653 638 . 009 667 1. 000 O16 1. 080 
036 695 910 . 878 ‘ 276 . 764 . 788 
O12 855 1. 125 553 ’ 329 658 963 
006 618 1. 125 807 a . 287 633 1. 030 
0 207 963 745 . 158 . 568 980 
0 464 1. 030 1. 090 333 475 . 878 
0 . 173 910 1. 150 . 164 642 972 142 424 1. 050 
0 067 963 . 807 . 037 - 742 . 953 
0 . 020 547 396 
068 454 214 . 013 317 108 010 263 . 089 


is in basal medium A—N2:N Os:urea (4 days) = 1.0:2.7:4.8; (7 days) =1.0:1.4:2.1; (10 days) 


A 
d medium E 


nitrogen 


Growth (turbidity) in 
Nitrogen source Ca in Ca in 
medium | inoculum 


A 
culum grown for 3 transfers previous to use 

Ca of the medium is lowered, a different relationship is 
t. Whereas the growth in fixed nitrogen may be de- 
aximum of 50 percent, that in free nitrogen is lowered 
‘ent when but traces of Ca are present. Ca deficiency is 
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nitrogen. As growth progresses the need for Ca in fixed nitrogen is 
practically nullified; and, whereas a definite effect remains in free 
nitrogen, after a sufficient time (30 to 40 days) mere traces of Ca will 
permit 25 to 50 percent of normal growth. This substantiates the 
conception that Ca acts in a truly catalytic role in nitrogen fixation; 
only traces are absolutely necessary provided sufficient time is allowed, 
but relatively high concentrations are required to produce a maxi- 
mum rate of fixation. The Ca needed for normal maximum growth in 
free nitrogen is 0.15 to 0.30 millimolal or practically saturation (0.36 
millimolal), and this range appears to hold also in the early stages of 
growth in fixed nitrogen, but decreases after several days to less than 
0.01 millimolal in nitrate and presumably to zero in urea (and am- 
monia). 

The decrease with the duration of the experiment in the Ca require- 
ments for growth in fixed nitrogen is indicated in table 3. The cul- 
turing of the inoculum for several previous transfers in Ca-free medium 
does not enable the organisms to become adapted to such a medium 
since somewhat less growth is obtained, as compared to inoculum 
grown in a medium containing calcium. This is best seen in the 
“average’’ values and tends to indicate a very small but definite Ca 
requirement in fixed nitrogen for entirely maximum, as distinguished 
from approximately maximum, growth. It is seen that the Ca re- 
quirement in free nitrogen remains considerable even after 6 days, 
the ratio of growth in its presence and absence (except for impurities) 
being 6 to 1 at 3 days and 4% to 1 at 6 days. 

In table 2 are given the growth ratios with a variety of Ca/Mg 
ratios principally under suboptimal concentrations of both elements. 
The most definite results are obtained with the older cultures. It is 
seen that little if any effect can be attributed to the Ca/Mg ratio, as 
has been reported frequently with supraoptimal concentrations with 
various organisms in connection with antagonism (5, pp. 282-284, 
356-359). The independent effect of each element can be analyzed. 
Varying the Ca in the absence of Mg has very little effect in any case, 
since the lack of Mg is already limiting the growth almost completely. 
The two 0.75 Ca/Mg ratios show no significant difference in N,, the 
Ca and Mg both being highly limiting; in fixed nitrogen the decrease 
corresponds to the Mg decrease. The three 0.36 ratios, with widely 
varying concentrations of the two elements, show definite decreases 
of growth in N, (due to calcium deficiency), but relatively little in 
fixed nitrogen. Keeping the Ca constant at 0 or 0.029 millimolal and 
increasing the Mg sixfold from 0.81 to 4.86 millimolal causes no con- 
sistent significant change in the amount of growth. As indicated 
previously, toxic effects are obtained at concentrations much greater 
than 4.86 millimolal (6 “customary’’). 

The charcoal treatment of basal medium A was developed to re- 
move, if possible, some nutrient or nutrients specifically required in 
growth ov fixation, either in large or very small concentration. Hop- 
kins (17) used this method (without the charcoal purification) to 
remove traces of iron from dissolved sugar. As shown in table 2 
(Ca/Mg =0.14), the effect of the treatment can be attributed almost 
entirely to the Ca and Mg removed; the Ca was found upon analysis, 
by an oxalate precipitation method, to have been reduced to about 
one-seventieth, and the Mg, by an ammonium phosphate precipita- 
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tion method, to one-thirtieth of the original concentrations. The Mg 
retained is still sufficient to permit 50 to 100 percent normal growth 
in fixed nitrogen, whereas in free nitrogen the combined Mg-Ca de- 
ficiency permits but slight growth, owing chiefly to lack of Ca and 
secondarily to lack of Mg; the effect of Mg deficiency is enhanced at 
low Ca. The average growth ratios in the charcoal-treated medium 
E for seven different 6- to 10-day experiments were: No», 0.015; KNOs, 
0.595; urea, 0.715. As may be seen in table 2, these growth ratios are 
approximately those obtained when the same order of Ca and Mg con- 
centrations are added intentionally in making up altered media. 

The preponderant influence of Ca-Mg deficiency in the charcoal- 
treated medium E was also demonstrated by determining the effect of 
adding thereto the different basal medium A salts separately. The 
KH,PO,, K,HPO,, and NaCl caused substantially no improvement. 
Humate iron was normally added to all charcoal-treated medium E, 
but special experiments involving its omission showed that it likewise 
was not beneficial. Table 4 shows the effect of adding Mg and Ca 
separately and together to the charcoal-treated medium E. The most 
striking results, as would be expected, are observed in free nitrogen. 
Ca alone increases the growth about 7 times, Mg about 18 times, and 
both together about 45 times, or to within 25 percent of that in basal 
medium A. The fact that Ca and Mg together did not cause com- 
plete recovery indicates that some other slight inhibiting factor may 
be involved in the charcoal treatment, but a 10- to 30-percent variation 
can be expected in the methods of culturing and measurement em- 
ployed. Since the deficiency in the case of fixed nitrogen is not 
sufficient to cause more than this amount of inhibition, no definite 
beneficial effect of the added Ca and Mg can be detected. Neither 
the Ca nor the Mg alone is sufficient to return the growth to normal 
since the other element is always deficient. When either Mg or Ca 
sclutions (of basal medium A concentration) are treated with charcoal 
and added to the other salts untreated, both media so obtained show 
growth inhibition, as would be expected. This inhibition is overcome 
by adding Mg or Ca, respectively. Similar treatment of phosphate or 
NaCl solutions yields no inhibition. It may be stated also that the 
extent of reduced growth obtained in charcoal-treated medium E was 
independent of the concentration of Fe added and also the amount or 
age of inoculum. Finally, sugar charcoal as compared with animal 
charcoal yielded no growth reduction; in fact it was observed to pro- 
vide iron in media deficient in this element. 


TABLE 4.—Growth recovery in charcoal-treated medium E upon addition of Mg or Ca 


Growth (turbidity) ratio,¢ 
altered medium C 
when source of 
basal medium A 


Medium nitrogen was— 

No (air) KNO Urea 
Basal A 1. 000 1. 000 1. 000 
Charcoal-treated EF -. O16 787 708 
Charcoal-treated E+0.29 miliimolal Ca 1S . 80! 6, 565 
Charcoal-treated EF -+0.81 millimolal Mg ; . 207 », 595 . R45 

Charcoal-treated E+ 0.29 millimolal Ca and 0.81 milli- . 
molal Mg . 732 . 787 SUS 






* Relative growths in basal medium A-—N2:NOs:urea (6 days) =1.0:1.0:1.7. 
> Low. 
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The apparent essentialness of Mg for Azotobacter growth, as 
observed in the preceding experiments, is almost certainly a true 
magnesium requirement. The Baker’s MgSO,.7H,O employed was 
examined spectroscopically.*| Only sodium was found in consider: ble 
amount, with definite but faint indication of aluminum, copper, 
calcium, iron, lithium, and silicon, and possibly vanadium and boron 
(no potassium). All these elements, and others, were tested for their 
effect in either charcoal-treated medium E or basal medium A con- 
taining no Mg. The following metal ions were added to charcoal- 
treated medium E: Cu, Mn, Ni, Co, Al, Zn at 0.1 p.p.m.; Mo, Si, Ti, 
Cr at 1 p.p.m.; V, Mn, B, Li, and Ba at 0.1 and 1 p.p.m.; 20 and 200 
p.p.m. of natural humic acid, a material which undoubtedly contains 
traces of all basic elements normally found in soil; and also 10 p.p.m. 
coenzyme R (1). No increase in growth was observed with any of 
these. In the magnesium-free medium the following metals were 
tested: V, B, Mo, and Li at 2.5 and 10 p.p.m.; Ba and Sr at 2.5, 10, 
25, and 50 p.p.m.; and Mn at 0.5, 2.5, 10, and 12.5 p.p.m. Mn, Ba, 
and Sr appeared to be slightly beneficial. The other elements yielded 
no increase in growth. Mg as such is therefore essential with no 
element able to act very efficiently in place of it. No stimulation in 
basal medium A resulted from 0.1 and 1 p.p.m. Cu, Al, Ni, and Mn, 
but stimulation was often increased 1's to 3 times by either V (VCh, 
Na,VO,, or K.V,O,) or Mo (NaMoO2H. .O) at 1 p.p.m., in agreement 
with previous findings of Bortels (3, 4), Burk and Lineweaver (6), 
Birch-Hirschfeld (2), Schréder (29), Kluyver and Van Reenen (/8), 
and Konishi and Tsuge (19). 

IRON 


The problem of demonstrating a definite iron requirement usually 
necessitates purification of the medium rather than the addition of 
iron, owing to the low values involved. The phosphate-adsorption 
method reported by Hopkins (/7) in connection with the green alga 
Chlorella, and the carbonate treatment described by Steinberg (37) in 
connection with the bread mold Aspergillus, for removing traces of Fe 
were found to be incapable of causing any Fe deficiency for Azotobacter 
in basal medium A without humate iron (medium D). There still 
remained after treatment 0.001 to 0.003 millimolal Fe. The modified 
Hopkins’ charcoal treatment employed for removal of Mg and Ca 
masked any possible removal of Fe. Ruhland’s (28) method of 
autoclaving and filtering a nutrient solution composed only of inor- 
ganic nutrients was found to lower the Fe impurity of the inorganic 
salts of basal medium A but could not be employed for sugar puri- 
fication. Several sugars were, therefore, obtained, which when 
analyzed by a method previously described (7, table 1), showed 
varying and relatively low Fe content, as follows: Difeo dextrose, 
4 10~* percent; Merck’s dextrose, 6 * 10~° percent; Baker’s sucrose, 
6 10~° percent; and Mallinckrodt’s sucrose, 9 10~° percent. The 
inorganic basal medium A (without humate iron or sugar) contained 
before and after autoclaving and filtering while hot 2.6 10-° milli- 
molal and 1.7 107% millimolal Fe, respectively. It was possible to 
obtain 8 Fe concentrations ranging from 510~° millimolal to 
4.5 10~* millimolal by employing each of the 4 sugars at 13.9 milli- 
molal (0.5 percent) together with 41.6 millimolal (1.5 percent) of the 


* These examinations were made by the Bausch & Lomb Optical Co. 
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Mallinckrodt’s (very low iron) sucrose, basal inorganic medium A 
being used with and without 5*10°° millimolal humate iron (Fe 
impurity in synthetic humie acid with no Fe intentionally added); 
the lowest concentration was obtained by using 55.5 millimolal 
(2 percent) Mallinckrodt’s sucrose in inorganic medium previously 
autoclaved and filtered. Maximum iron was assured by adding 
1.8107 millimolal humate iron to some of the cultures. 

Figure 2 shows the relative growths obtained with these varying Fe 
concentrations. The curves definitely approach zero growth at the 
lowest concentrations, whereas the sugar, Difco dextrose, with the 
maximum Fe impurity, 4 10~° millimolal, yields practically normal 
growth. The concentration of Fe yielding maximum growth increases 
somewhat with age of culture (curves 1 and la, 2 and 2a), as was 
shown previously in a different manner in connection with humic 
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FiGurE 2.—Growth of Azotobacter in free and fixed nitrogen as a function of iron concentration: Curves 
land 2, growth (turbidity) in Nz and nitrate, respectively, 9-day experiment; curves, ia and 2a, 2-day 
experiment 


acid stimulation (8, p. 448, fig. 2). At any given age of culture 
approximately the same differences in amount of growth in free and 
fixed nitrogen are obtained at all iron concentrations (table 5), 
indicating that, as determined by this method, there was no specific 
fixation effect of Fe deficiency, such as was obtained so definitely in the 
case of Ca. The phenomenon of the growth in free nitrogen approach- 
ing that in fixed nitrogen, after a prolonged period of time, is shown 
by the ‘‘average” values, table 5, and by comparing the ordinate 
ranges between curves 1 and 2 and curves la and 2a. This phe- 
nomenon is commonly observed and presumably bears no direct 
relation to Fe requirements, but to limitations by other factors 
(8, pp. 455-462). Ruhland (28) has reported a limiting Fe concen- 
tration range for the autotrophic hydrogen organism Bacillus pycnot- 
‘cus which is essentially the same as that demonstrated for Azotobacter, 
no growth being obtained at 10~> millimolal and maximum growth 
occurring by 1.2 x 10~* millimolal. 
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TABLE 5.—Ratio of growth in fixed and free nitrogen at different iron concentrat 


KNOs; , 
Growth (turbidity) ratio, N for experiment 


Concentration of Fe (millimolal No. 16 No. 2 


2 days 9 days 


“ie Fein“ s 


Average 
Compare fig. 2, p. 989. 
COMPARISON OF ABSOLUTE ELEMENT REQUIREMENTS 


Comparing the concentrations of essential elements producing 
half maximum growth (Cg) is as convenient, and more accurate, 
than comparing those required for optimum growth, under variable 
experimental conditions. Table 6 gives Cg» values for Ca, Mg, and 
Fe under various conditions of age of culture and nitrogen source, 
and also P sec for Ca and Mg determined from Krzemieniewska’s 
data (21). These values have been determined graphically from 
curves such as those shown in figure 1 for Mg and in figure 2 for Fe. 
The values for Mg and Fe do not vary signific omy with respect to 
nitrogen source, being essential elements in any case, whereas the 
nonessentialness of Ca in fixed nitrogen is strikingly shown by the lack 
of any definite positive value, as compared with 2 10-? to 5107 
millimolal in free nitrogen. Cg, for Fe is about one five-hundredth 
of that for Mg or Ca in free nitrogen. 

In general, Cg» should decrease with age or heaviness of cultures if 
the element is utilized relatively more efficiently at lower concentra- 
tions by being employed over and over again in a catalytic manner. 
It should increase if the element is consumed and prevented from 
further functioning. As can be seen from table 6, there are no changes 
in Cgp, for any of the elements, great enough to distinguish conclu- 
sively between catalysis or consumption or a combination of both. 
A tendency appears for a decrease with Mg and Ca and an increase 
with Fe, and earlier evidence with Ca and Fe supports this interpre- 
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tation. Cg», probably varies relatively little for growths ranging 
from 2 to 20 mg organic nitrogen per 100 ce (light to very heavy 
growths, about 50 to 200 mg dry matter per 100 cc); it should be a 
fairly characteristic constant. This is important in connection with 
the basal medium A employed, since normally Mo and V were not 
added, although in experiments involving very heavy growth they 
could cause definite increases in growth. 


TABLE 6.—Approximale concentrations of calcium, magnesium, and iron required 
for half maximum growth of Azotobacter using various sources of nitrogen 


Cor, the concentration (millimolal) yielding half-maximum growth when 
source of nitrogen was 


- ; . os ae Ne (Krzemie- 
Element Ne (air KNOs Urea niewska (2/)) 


91k 
2-3 days | 9-10 days! 2-3 days | 9-10 days) 2-3 days |9-10days)| 5 days 12-15 
. . . days 

Ca 4x 10-2 2X10-? |40-2X 10-4 40-2 10-4 20-2 10-4 «0-2 10-4) 8K 10-2?) 5K 10-2 


Mg 6x10? 4xX10-2 610-2 2K10-2) 5 xK10°? 3X10-2 (510-2 | 410-2 
Fe 1. 1X10-* | 1.4X10-4 | 1.1X10-4| 1.610-4 ‘ 


* Maximum Ca impurity in medium and inoculum 


Krzemieniewska (27) reported that potassium, sulphur, and phos- 
phorus were required for Azotobacter growth in relatively large con- 
centrations, the first-named at about that found for Ca and Mg, and 
the latter at a value 3 to 10 times as great. Vogel (32) and Stapp and 
Ruschmann (30) report, however, that the addition of potassium to 
media was not required. Similarly the present writers, and Stapp 
and Ruschmann (30), have found that the traces of sulphur occurring 
as impurities will y ield at least 50 to 75 percent of maximum growth. 
The phosphorus requirements have been generally assumed to be 
relatively high; Burk and Lineweaver (6) have indicated that 0.1 
millimolal is sufficient. 

DISCUSSION 


The experiments of long duration reported above are seen to con- 
firm the previous observations (6) involving experiments essentially 
of short duration concerning the catalytic effect of Ca upon the 
nitrogen-fixation process of Azotobacter. The small concentrations 
of Ca studied in the present work yield still more evidence that Ca 
acts in a truly catalytic role. The relatively large concentrations 
emphasized previously (0.10 to 0.30 millimolal) applied to obtaining 
the maximum rate of fixation by young cultures, rather than to the 
maximum amount of growth after a long period of time. The appar- 
ent stimulation of growth in fixed nitrogen by Ca is much lessened, if 
not upon occasion entirely eliminated, as the duration of the experi- 
ment is increased. 

The essentialness of Mg for the growth of Azotobacter is much more 
evident from the experiments of long duration, with the other inor- 
ganic nutrients at normal concentrations, than in the experiments of 
Burk and Lineweaver (6) where 10 times the customary diluted me- 
dium was chiefly employed. Whereas some growth may occur in 
free nitrogen with less than 2 10~* millimolal Mg (estimated maxi- 
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mum Mg impurity) in the first 24 to 48 hours, surpassing that obtained 
with a medium containing 0.81 millimolal Mg, but no Ca, growth in 
the former practically ceases after a few days, whereas in the latter a 
definite increase occurs. In this case the Ca is being used continu- 
ously at very small concentrations. 

As mentioned above, and observed in a former paper (6, p. 164, 
“‘pseudo-Ca-Sr-effect””), Mg appears to possess at times a somewhat, 
greater relative beneficial effect upon growth in free nitrogen than in 
fixed nitrogen, particularly at low concentrations of Ca. For the 
present, this is still interpreted as involving no specific influence upon 
the fixation process proper, but probably making any Ca present in 
the cells more available, perhaps merely more soluble. In this con- 
nection, Mg has been observed to interfere markedly with Ca precipi- 
tution by oxalate, and also, as mentioned above, serves to maintain 
a clear nutrient solution by increasing the solubility of calcium phos- 
phate. This effect upon Ca solubility would scarcely be related to 
the chief effect of Mg in the growth process, since Ca is substantially 
unnecessary there. 

Haines (16) has reported a somewhat parallel relationship with Ca 
and Mg between the production of bacterial gelatinase and growth 
with five different micro-organisms. Ca alone promotes the forma- 
tion of the enzyme while permitting but poor growth; Mg alone 
yields good growth but substantially no gelatinase. The best effect 
is obtained in the presence of both elements, probably owing in part 
to the influence of growth itself upon the protease production. Ina 
previous work, Haines (1/5) reported a similar effect with the enzyme 
attacking caseinogen. He suggests that future work might show 
salts of Ca to be essential for the formation of proteases in general. 
Although this view might appear contradictory to Rippel and Stoess’ 
(27) conclusion as to the general unessentialness for Ca for micro- 
organisms, since the majority probably produce proteases, it suggests 
in connection with the present work with Azotobacter that Ca “when 
essential for organisms is a constituent of some particular enzyme. 
Thus, Nakamura (26) has found that Ca is an essential activator for 
amylase. The concentration of Ca has recently been shown, however, 
to have no influence on two specific aspects of fixation by Azotobacter, 
namely, the pH limit at 6, and the Michaelis dissociation constant 
or nitrogen pressure at which half maximum velocity of fixation is 
obtained (9) 

Mg may also act specifically as a constituent of certain frequently 
occurring enzymes, as well as in some general phenomenon such as 
permeability. Lohmann (25) has found that Mg is an essential 
constituent of the coenzyme for lactic acid formation in muscle and 
for cozymase in yeast, and Erdtman (/2) has found that it is necessary 
for liver phosphatase. The general utilization of Mg in oxidative 
processes is improbable, howev er, because of their diversity in the 

various organisms. Kruse, Orent, and McCollum (20) have shown 
that Mg deficienc y in young rats leads to death and that the most 
striking blood change is a disturbance of the lipoid distribution. 
This finding may disclose upon further investigation that Mg is 
concerned generally in some phase of lipoid behavior. 

The observation that the iron requirement of Azotobacter, as 
measured by final amounts of growth obtained with the Erlenmeyer 
technic, is substantially independent of the source of nitrogen con- 
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firms the previous finding (8, pp. 465, 482, 486; 10, p. 523) that in 
experiments of this type the stimulation caused by iron st to 
customary medium, as humate or otherwise, is approximately the 
same in free and fixed nitrogen; that is, iron does not normally appear 
to influence directly or specifically the availability of either of these 
sources of nitrogen, the one more than the other. The very much 
lower concentrations of Fe as compared to Ca required in free nitrogen 
make a specific fixation requirement somewhat more difficult to 
determine by the methods here wes In earlier papers reference 
was made (7, pp. 427, 447; 8, p. 465 and table 6; 10, p. 523) to 
unpublished work on the nite R specific effect of iron in fixation 
under certain particular conditions, obtained with the Warburg 
technic, where the velocity constants as distinguished from the final 
amounts of growth were observed. This apparent specific effect of 
iron has now been definitely determined to be due to an exceedingly 
small molybdenum impurity in the iron. The molybdenum is 
effective at a concentration of only 1 to 100 mg‘ per 1,000,000,000,000 
mg medium (1 to 100 parts per trillion, or 10~" to 10-* molal Mo.) 

The amounts of iron required for maximum growth of Azotobacter 
as determined in the experiments reported here are approximately 
the same as those indicated in previous work (7), namely, 0.0004 to 
0.01 millimolal (0.02-0.5 p.p.m.). In the experiments described in 
table 5 and figure 2, the concentration 0.018 millimolal as compared 
to 0.0018 millimolal gave growths 10 and 22 percent higher, on an 
average, at 2 and 9 days, respectively. No similar comparison of 
(«,» values is possible, since it is only in the present work that the 
low concentrations of Fe have been studied. 


SUMMARY 


The magnesium, calcium, and iron requirements for growth of 
Azotobacter vinelandii in the presence of free and various forms of 
fixed nitrogen have been investigated quantitatively, and_ brief 
reference made to other inorganic elements. Various types of media 
were employed. In comparison with work reported previously, the 
experiments were of relatively long duration (2 to 10 days), and the 
growths obtained were very heavy (20 to 200 mg dry matter per 100 
cc). 

The concentrations of the respective elements yielding half 
maximum growth (Cg) have been determined as the most accurate 
means of making various comparisons. In these experiments C@/» 
was relatively independent of duration of experiment and extent of 
growth. Cg,» for Ca is 2-5 * 10°? millimolal in free nitrogen, and 
negligible (0-2 x 10~* millimolal) in fixed nitrogen, such as nitrate, 
ammonia, or urea; this difference confirms prev ious findings cone erning 
the specific role of calcium in the nitrogen-fixing process. With 
Mg and Fe, Cg, is independent of the source of nitrogen, being 2-6 » 
10° and 1.1-1.6X10~* millimolal, respectively. The essential role 
of both Mg and Fe in growth is indicated by an approach to zero 
growth at the lowest concentrations. No specific requirement of 
Fe (or Mg) in fixation was evident in experiments of the type here 
employed, confirming previous findings that normally humate iron 
exerts the same stimulation in free and fixed nitrogen. 


‘BURK,D. AZOTASE AND NITROGENASE IN AZOTOBACTER. Review chapter in Nord, F. F., and Weiden- 
hagen, K., Ergebnisse der Enzymforshung. Illus. Leipzig. 1934. 
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The concentrations of Mg, Ca (in free nitrogen), and Fe required 
for maximum growth are 0.05-0.1 millimolal, 0.1—0.3 millimolal, and 
(0.0004—0.001 millimolal, respectively. The requirement for P appears 
to be 0.1 millimolal, and for S, K, Mo, and V equal to or less than that 
for Fe. 

Mg could not be replaced in the growth process by Cu, Mn, Ni, 
Co, Al, Zn, Ca, Sr, Ba, Mo, Si, Ti, Cr, V, B, or Li applied in various 
concentrations. 

In ascertaining the very low Fe requirement, adsorption methods 
involving charcoal, calcium carbonate, or calcium phosphate did not 
suffice to free the medium from iron. It was necessary to select 
sugars with different and very low amounts of iron. This method 
should be useful in connection with various elements similarly needed 
in traces in general bacterial growth. 
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THE NORMAL DEVELOPMENT OF THE LEG BONES OF 
CHICKENS WITH RESPECT TO THEIR ASH CONTENT! 


By H. M. Harsuaw, assistant biochemist, J. C. Frivz, junior biologist, and 
Harry W. Titus, biological chemist, Animal Husbandry Division, Bureau of 
Animal Industry, United States Department of Agriculture 


INTRODUCTION 


The ash content of certain bones, especially those of the legs, has 
been used in recent years as a measure of the effect of experimental 
diets on the mineralization of the skeleton of the animals to which 
the diets were fed. This has been particularly true in some of the 
nutrition studies with chickens, in which the percentage of ash in one 
or another of the leg bones has been used to determine the extent 
of the occurrence of rickets. The ease with which rickets may be 
produced in chickens has led to the use of chickens as laboratory 
animals for determining the antirachitic value of the various vitamin 
D supplements, particularly cod-liver oil, used in diets for poultry. 

In order that a correct interpretation may be placed on the results 
of work of this nature, it is necessary that data on the ash content of 
the bones of birds reared under normal environmental conditions be 
available for the purpose of comparison. Furthermore, these data 
should furnish information on the effect, if any, of age, breed, and 
sex on the ash content of the bones. The published percentages of 
ash which have been considered as normal were obtained almost wholly 
from the analysis of the bones of birds reared under rather artificial 
conditions, and they represent only one or, at best, a few ages. It is 
necessary also to know how the several factors other than diet affect 
the deposition of the mineral elements in bone, for otherwise one 
cannot be certain that the results obtained are due only to the diets, 
or, more specifically, to the vitamin D supplements being studied. 

Furthermore, it is often desirable to compare the results of work 
carried out in different laboratories, and in order that this may be 
possible it is necessary that comparable methods be used for the 
determination of the ash in the bones of the experimental birds. At 
present there does not seem to be any great degree of unanimity 
among the various investigators in this respect. In general the tibia 
has been used for this purpose, but in some cases other bones have 
been used. Some reports show different ways of preparing the bones 
for analysis; others show the use of different methods for ash deter- 
mination. Some of these differences probably had little or no effect 
on the results obtained, but it is also probably true that some had a 
marked effect. 

This lack of uniformity in the methods used for the determination 
of the ash of the leg bones, as well as the lack of adequate information 
regarding the percentage of ash in the bones of chickens reared under 
normal conditions, made it desirable to ascertain the ash content of 
the bones of such chickens of both sexes and of different ages and 
breeds by the use of a simple and rapid method. 
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PLAN OF THE INVESTIGATION 


It was planned to rear two groups of chickens, each group of a 
different breed, under favorable conditions on a grass range, and to 
study the normal development of their leg bones with respect to the 
ash content. Each week, for 20 weeks, representative birds were to 
be selected from each group to furnish the bones to be studied. The 
plan involved the determination of the ash content of each of the 
three major long bones of the right leg and of the combined bones 
of the left leg (1) with the epiphyseal cartilages retained and (2) with 
the epiphyseal cartilages removed. 

To obtain supplementary information as a check on the ash content 
of the bones, it was planned to determine the calcium and phosphorus 
content of the blood serum and of the ash of the tibiae, and to note, 
by means of X-ray shadowgraphs, the age at which calcification 
occurred at the distal and proximal ends of the tibiae and the proximal 
end of the metatarsus. The blood-serum studies were conducted for 
25 weeks; the other studies for 20 weeks. 


EXPERIMENTAL MATERIAL AND METHODS 


Three hundred and fifty chicks of each of the two breeds used 
(Rhode Island Red and Single-Comb White Leghorn) were hatched 
on April 8, 1931, at the United States Animal Husbandry Experiment 
Farm, Beltsville, Md., and were placed, the next day, in colony brooder 
houses on a grass range. At that time 100 chicks of each breed were 
selected at random and wing-banded. These birds were weighed 
then and at intervals of 2 weeks thereafter for 20 weeks, in order to 
obtain a reliable indication as to whether the average growth of the 
birds was satisfactory. 

For the first 14 weeks, the birds were fed the following dry mash: 

Percent 
Yellow corn meal 41. 50 
Ground wheat 20. 00 
Wheat bran 15. 00 
Dried buttermilk 10. 00 
Meat scrap (50 percent) ). 00 
Calcite 2. 7 
Salt : 


‘ 
‘ 


Total 100. 00 


In addition to this mash, during the first 6 weeks after hatching 
the birds were given all the freshly soured skim milk they would con- 
sume. After the fourteenth week and until the end of the twentieth 
week, all except 2.5 percent each of the meat scrap and dried butter- 
milk was replaced by yellow corn meal. 

On the day after the chicks were hatched and at intervals of 1 week 
thereafter, a sufficient number of individuals of each breed was selected 
at random from among the unbanded birds to furnish the leg bones 
necessary for the ash determinations. The number for each sample 
varied from 1 to 15, depending on the size of the chicks. 

Calcium and inorganic phosphorus determinations were made on 
the blood serum of the birds selected, in order that it might be known 
whether they were normal in this respect. Blood samples of approx- 
imately equal size were obtained by heart puncture from each of 
these birds before they were killed for bone samples.’ The blood 
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samples of birds of the same sex and breed were then combined for 
analysis. It was not possible, however, to differentiate readily 
between the sexes until the age of 6 weeks in the case of the Leghorns, 
and until the age of 7 weeks in the case of the Rhode Island Reds. 
Accordingly, until the sex of the chicks could be determined, the 
blood samples were combined with regard to breed only. The serum, 
obtained by centrifuging the blood samples, was analyzed for calcium 
by the Clark and Collip (2) ? modification of the method of Kramer 
and Tisdall; and for inorganic phosphorus, by the method of Fiske 
and Subbarow (3). 

After the collection of the blood samples, the birds were killed 
by cutting the jugular vein and puncturing the brain. Immediately 
after they were killed, X-ray shadowgraphs were made of the legs 
in order that the calcification of the bones might be studied by this 
means. The leg bones were then removed and dissected free of flesh 
in preparation for ashing. The epiphyseal cartilages were removed 
from the bones of one-half of the birds but not from the bones of the 
other half. Thus, one-half of the samples were made up of the 
diaphysis alone, and the other half included the diaphysis and the 
epiphyses. The long bones (femur, tibia with fibula, and metatarsus) 
of the left lez were combined in one sample, whereas the femur, 
tibia without fibula, and metatarsus of the right leg were studied 
separately. 

During the first 6 weeks, the following numbers of birds were used 
in preparing each sample at the ages indicated. 
Number of birds represented in each sample: Lye 
day. 
week. 
weeks. 
weeks. 

weeks. 

weeks. 
) weeks. 

After the age of 6 weeks, one bird was sufficient for the weekly 
sample. 

Bone samples of chicks of each sex were obtained as soon as the 
males could be readily distinguished from the females. As each 
bone was freed of flesh and its periosteum, it was placed in 95-percent 
ethyl alcohol and kept there until the determination of its ash con- 
tent was begun. The following method of obtaining the ash content 
of the bones was used: The bones were removed from the alcohol, 
cut into small pieces with bone snips if they were inconveniently 
large, wrapped in filter paper, and extracted for 6 hours with 95- 
percent ethyl alcohol in a Soxhlet extractor. They were next allowed 
to dry in the open air and then extracted with diethyl ether for 6 
hours. After being dried again in the air, the bones were placed in 
weighed crucibles, dried in a vacuum oven for 4 hours at a temperature 
of 60° C., and weighed. The weighed, oven-dried samples were then 
ashed to a constant weight, at 600°, to obtain the weight of ash in 
the moisture- and fat-free bones. 

Previous, but unpublished, work at the United States Animal 
Husbandry Experiment Farm has shown that this method is efficient 
from the standpoint of accuracy and rapidity of determination. The 
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* Reference is made by number (italic) to Literature Cited, p. 1008 
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extraction should be continued only long enough to insure remova! of 
the soluble material. For this purpose, the writers have found 6 
hours with each solvent to be sufficient, for the percentage of ash after 
such treatment was fully as high as that reported by St. John and 
his coworkers (9) when much longer periods were employed. 

a t . 

[The amount of calcium and phosphorus in the ash of the tibiae 
was then obtained’ For this purpose, the ash was dissolved in 
dilute hydrochloric acid and the resulting solution was made up 


1,600 


,400 


WHITE LEGHORNS 


to a definite volume. Aliquot 
parts of this solution were used 
for the determination of cal- 
cium according to Kramer and 


Howland’s (8) method for bone, 
and for the determination of 
phosphorus by the gravimetric 
method of the Association of 
Official Agricultural Chemists 
(1) for fertilizers. 


1XPERIMENTAL RESULTS 
GROWTH OF THE BIRDS 


The average growth (as 
measured by weight in grams) 
of the birds which were banded 
is shown in figure 1. There 
were 35 males and 44 females 
of the White Leghorn breed 
and 37 males and 45 females 
of the Rhode Island Red breed. 
The curves show that the 
growth was satisfactory as com- 
pared with the growth pre- 
viously obtained at the Belts- 
ville experiment farm with 
these breeds (5, 10). 


——— == NORMAL FOR FEMALES + 
O----@ FEMALES IN EXPERIMENT 
NORMAL FOR MALES 


o—O MALES IN EXPERIMENT 


AVERAGE WEIGHT (GRAMS) 


CALCIUM 
PHORUS 
SERUM 


AND 


I PHOS- 
CONT 


BLOOD 


AGE (WEEKS) NORGANIC 
E 


NTS OF 

FIGURE 1.—-Average weights, at 2-week intervals, of 
males and females of the two breeds compared with 
normal weights reported for these breeds by Hendricks, 
Lee, and Titus (5) and by Titus and Jull (10) 


The calcium and inorganic 
phosphorus contents of the 
blood serum of the birds at intervals of 1 week are shown in figure 2. 
All the values obtained were well within the normal limits, as shown 
by unpublished results; in fact, there was less variation than is fre- 
quently observed under experimental conditions. The variation was 
so small throughout most of the first 20 weeks as to have no apparent 
significance. Shortly after the reduction of the relative quantities of 
the protein concentrates in the diet of the birds at the age of 14 
weeks, there was a decrease for about 4 weeks in the inorganic phos- 
phorus content of the blood serum, whereas the calcium content showed 


+ The determinations of the calcium and phosphorus in the ash of the tibiae were carried out by R. E 
Davis and G. H. Kennedy, of the Animal Husbandry Division 
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no change. This decrease in phosphorus content was then followed 
by an increase for 2 or 3 weeks and then by another decrease. There 
was, apparently, no significant difference in the calcium and inorganic 
phosphorus contents of the blood serum of the males and females 
from the sixth or seventh week, when sex was first differentiated, to 
the twentieth week. 

Determinations of the calcium and inorganic phosphorus in the 
blood serum of the birds were continued from the ages of 20 to 25 
weeks, with the special  ,,— 
object of observing the 
changes in the calcium pe equemon, 
of the blood serum of the p—-- bpp 
pullets as they began to | 
lay, as compared with 
those changes in the 
blood serum of the males 
of the same ages. Figure 
2 shows a very marked 
increase in the case of the 
White Leghorn pullets 
after the twentieth week 
and a similar increase in 
the case of the Rhode | shes a a 
Island Red pullets after a 
the twenty-third week. 
This increase was un- 
doubtedly due to the 
increased demand for 
calcium to be used in egg 
production, as the pullets 
began to lay at about 
this time. Halnan (4) 
has shown that there is an 
increased retention of cal- 
cium from the feed dur- 
ing the week preceding 
the beginning of egg pro- 
duction, and Hughes and FIGURE 2.—-Calcium and inorganic phosphorus contents of the 
his coworkers (7) have blood serum of White Leghorns and Rhode Island Reds at 

A - weekly intervals. 
found that there is an in- 
creased content of calcium in the blood serum of pullets at the time that 
laying begins. 


22} 


(MILLIGRAMS PER 100 CC) 


MALES 


BLOOD SERUM 


RHODE ISLANO REOS 


CALCIUM 


AGE (WEEKS) 


CALCIFICATION OF EPIPHYSES 

Through an examination by the X-ray shadowgraphs, certain 
stages in the calcification of the epiphyses were noted. During the 
first week of the life of the chick, centers of ossification appeared in 
the cartilages at the distal end of the tibia and the proximal end of 
the metatarsus. There was no difference between the two breeds 
in this respect. Centers of ossification appeared in the cartilage at 
the proximal end of the tibia by the end of the sixth week. In this 
respect also no difference was noted between the two breeds. 

After the first appearance of the centers of ossification the areas 
undergoing calcification gradually increased in size until they made 
up most of the epiphyses and the epiphyses became attached to the 

69865—34 4 
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diaphysis. The union of a diaphysis with an epiphysis occurred first 
at the proximal end of the metatarsus, then at the distal end of the 
tibia, and later at the proximal end of the tibia. There seemed to be 
a tendency for the epiphyses of the females to calcify at an earlier 
age than those of the males, and for those of the White Leghorn birds to 
calcify at an earlier age than those of the Rhode Island Reds (table |), 


TaBLe 1.—Effect of breed and sex on the age at which the calcification of the epi ph- 
yses were apparently complete, as shown by the X-ray shadowgraphs 


Age of bird when calcificatior 
occurred at 
Breed and sex of birds Proximal 
end of meta- 
tarsus 


Distal end | Proximal 
of tibia | end of tibia 


White Lechorn . Weeks Weeks Weeks 
Female 12 
Male 14 
Rhode Island Red 
‘emale 13 
Male 14 


*» Not complete at twentieth week 
ASH CONTENT OF BONES 
The percentage of ash in the moisture- and fat-free bones each week 
of the experiment is presented in figures 3 and 4, and the percentages 
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Fic RE 3.—Ash content of the bone samples obtained from the White Leghorns at weekly intervals 


at 4, 5, 6,7, 8, and 20 weeks are given in table 2. The curves are com- 
paratively smooth during the first few weeks, when the determina- 
tions of ash were made on samples composed of bones of from 5 to 15 
individuals. Later, when the samples represented single birds, these 
curves are not so smooth, 
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EPIPHYSES REMOVED 


EPIPHYSES RETAINED Z EPIPHYSES RETAINED 


COMBINED FEMUR, TIBIA (wiTHouT FIBULA) 
TIBIA (WITH FIBULA), 
AND METATARSUS 


FAT-FREE BONES 


EPIPHYSES RETAINED 
EPIPHYSES RETAINED 


ASH IN MOISTURE- AND 


FEMUR METATARSUS 
eo SEX NOT DETERMINED 
- FEMALES 
_ MALES 
ig 2010 2 
AGE ( WEEKS) 


Ash content of the bone samples obtained from the Rhode Island Reds at weekly intervals 


TABLE 2.—Percentage of ash in the moisture- and fat-free bones of the White Leghorns 
and the Rhode Island Reds at the ages indicated 


WHITE LEGHORNS 


Bones with cartilage retained Bones with cartilage removed 


Age in } 
weeks Com- 


Femur| Tibia Meta- | bined Femur | ‘Tibia 
tarsus be 
yones 


Com- 
Meta- bined 
tarsus 
bones 


Percent, Percent, Percent| Percent, Percent | Percent| Percent| Percent 

Not separated 47.8 7.5 4 17.3 55.9 57.4 56.7 56.9 
{8.2 48.4 i is Af. 2 57.1 

47.8 48.7 7.6 7.6 56. 2 } 1 56. 0 

| Female 18.8 18.6 47. 6 ' 56. 5 56.8 56.9 
{ Male 48.2 48. 1 7. 6 56. 57. ¢ 57.1 
| Female 18.8 48.4 8.6 § 56. 2 56 58. 4 56.8 
{ Male 48.5 49.5 50. ( A 5 58.3 57.2 
| Female 48.7 49.4 50. 5 ( 55. 57. ¢ 57. § 56.9 
{Male 55.8 ( iA j 5g 57.9 
| Female 41.2 54.6 f ‘A. 57.: 5 : 8. 2 


RHODE ISLAND REDS 


Not separated 3.7 47.6 

do 16.8 

do 7 47.0 
{Male 5 46.1 
| Female 7 19.0 
{Male 47.0 
| Female 419. 8 
{ Male 51.8 
| Female 53. 6 


In general, the ash content of the moisture- and fat-free bones of the 
chicks at the age of 1 day was approximately 40 percent when the 
epiphyseal cartilages were removed and 30 percent when they were 
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retained. There was a marked increase in the ash content during thie 
first week, and this increase continued, but at a progressively slower 
rate, during the next few weeks. Thereafter, there was relatively 
little change. 

A comparison of the curves representing the ash content of the 
bones, with and without the epiphyseal cartilages, shows that the 
diaphysis contains an appreciably higher percentage of ash than does 
the diaphysis with the epiphyses. This difference is greatest during 
the first few weeks, after which the curves representing the percent- 
age of ash in the bones prepared in the two different ways tend to 
approach each other gradually and are fairly close together at the 
end of 20 weeks. 

The ash content of the bones obtained from the White Leghorns 
was higher than that of the corresponding bones of the Rhode Island 
Reds. This difference continued throughout most of the period of 20 
weeks covered in the present study. After approximately the nine- 
teenth week, however, there was a tendency for the ash content of 
the bones of the Rhode Island Reds to become very nearly equal to 
that of the bones of the White Leghorns. Thus it appears that calci- 
fication of the leg bones proceeds at a higher rate and is completed at 
an earlier age in the White Leghorns than in the Rhode Island Reds. 
Such a difference is to be expected, since the former matures somewhat 
more rapidly than the latter. 

Another point brought out by these curves is that throughout most 
of the period when the males and females were studied separately the 
average ash content of the leg bones of the females from which the car- 
tilage had not been removed was higher than that of the leg bones of 
the males. However, at the twentieth week there was, in general, very 
little difference. In contrast to this, the ash content of the bones 
from which the cartilage had been removed was practically the same 
for the two sexes. 

A comparison of the three long bones of the leg shows that the 
metatarsus had the most ash, the femur the least, and the tibia an 
intermediate amount. During the preparation of the samples a corre- 
sponding difference was noted in the physical character of these three 
bones. The metatarsus was yellowish white in color, had a yellow 
marrow, greater strength, and less brittleness than either of the other 
two bones. There was less difference between the femur and the tibia. 
Both of them were grayish white, had a red marrow, and tended to 
shatter readily when cut with the bone snips, in contrast to the meta- 
tarsus which permitted the bone snips to cut through cleanly. The 
femur, however, seemed to be somewhat more brittle than the tibia. 
Thus, it appears that the ash content of the bones bears some relation 
to their physical character. 


CALCIUM AND PHOSPHORUS CONTENTS OF THE ASH OF THE TIBIA 


There was relatively little change in the calcium and phosphorus 
contents of the ash of the tibiae throughout the 20 weeks and, for this 
reason, only the averages of the results obtained are given in table 3. 

After the first week the values ranged between approximately 34.5 
and 37 percent of calcium and 17.5 and 18.5 percent of phosphorus. 
There was apparently no difference in this respect between the bones 
of cockerels and pullets or between birds of different ages. 
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TaBLE 3.—Effect of age and sex on average percentage of calcium and phosphorus in 
the ash of the tibiae of White Leghorns and Rhode Island Reds 


WHITE LEGHORNS 


Bones with cartilage retained | Bones with cartilage removed 


Sex of birds 
Ca/P , Ca/P 
: ratio 


Percent 
1 day Not separated 31.3 é sane 35. 20. 4 
1-5 weeks do : 
{ Male 
\ Female 


17.8 
18. 2 
18. 1 


6-20 weeks 


RHODE 


| day Not separated : 8. ¢ 1.77: 
1-6 weeks do ; 1. 93: 
{ Male 35. 3 7.3 1. 97: 


7-20 weeks | Female k 4 2. 00: 


The ratio of calcium to phosphorus in the ash of the tibiae was 
found to be very close to 2.0:1 in most of the samples; therefore the 
averages of the values, given in table 3 for the different breeds and 
sexes, In most instances are also very close to 2.0:1. However, one 
exception to the foregoing statement is that of the caleium-phosphorus 
ratio of the ash of the tibiae in birds aged 1 day. The average ratio 
was 1.77:1 in three cases and 1.72:1 in the fourth. 


DISCUSSION 


The data presented in this paper on the ash content of the moisture- 
and fat-free leg bones of chickens indicate that there was little tend- 
ency for the percentage of ash in those bones from which the cartilage 
had been removed to change after the fourth or fifth week. There 
appears, however, to have been a slight tendency for the ash content 
of the metatarsus to increase with the age of the chick and for that of 
the femur to decrease between the fifth and fifteenth week. Never- 
theless, in both cases the maximum deviation from the average ash 
content observed between the seventh and twentieth week was less 
than 4 percent of the average. 

Although the data show that the ash content of the bones from which 
the epiphyseal cartilages had been removed tended to remain rather 
constant from the fourth to the twentieth week, they also show that 
there was a gradual increase, during this period, in the ash content of 
the bones (other than the femur) from which the cartilages had 
not been removed. It appears, therefore, that this change was due to 
a progressive calcification of the epiphyseal cartilages. In any case, 
the ash content of the bones from which the cartilages had not been 
removed tended to become more nearly equal to that of the bones from 
which the cartilages had been removed as the birds approached matu- 
rity and the calcification of the epiphyses became more nearly 
complete. 

The tendency for the ash content of the diaphysis to remain rather 
constant under normal conditions does not necessarily mean that the 
ash content may not change under certain conditions, for unpublished 
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experiments by the writers have shown that it may change either 
as the result of the occurrence of rickets or because of a chanve 
in the rate of growth. If the rate of growth is slow, the cartilage-free 
bones may have an abnormally high ash content. On the other hand, 
very rapid growth, especially after a period of slow growth, tends to 
bring about a decrease in the ash content of both the diaphysis and the 
epiphyseal cartilage. It is quite probable that much of the variation 
among individual chickens of the ash content of their leg bones is due 
largely to differences in their rate of growth. 

It is necessary, therefore, to consider the rate of growth of the 
chickens in any experimental or regulatory work with feeds in order 
that errors in the interpretation of results may not occur. Thus it 
is possible that a diet containing a cod-liver oil low in vitamin A 
might contain an inadequate supply of this vitamin. The chickens re- 
ceiving such a diet would tend to grow more slowly than others receiv- 
ing an adequate supply, and probably the percentage of ash in their 
bones would be higher than if their growth had been normal. 
Failure to take the growth rate into account would lead to the con- 
clusion that the antirachitic value of the oil under consideration was 
higher than was actually the case. 

The results of the present study indicate that, in most cases, when 
the birds are between the ages of 7 and 20 weeks, the ash content of 
the females’ bones with the “cartilage retained is ereater than that of 
the males’ bones. The X-ray shadowgraphs furnish evidence that 
this difference is due to an earlier calcification of the epiphyses of the 
bones of the females rather than to a greater storage of minerals in 
preparation for egg production, as was ‘suggested by Holmes, Pigott, 
and Moore (6). Furthermore, the bones of the males, either with or 
without their cartilages, contain approximately the same proportion 
of ash at the age of 20 weeks as do those of the females. Moreover 
the greater weight of the bones of the males, as is evident from their 
greater body weight, indicates a larger total quantity of ash stored in 
their skeletons. 

Since the above-mentioned difference was found to be due to an 
earlier calcification of the cartilages in the case of the females, it can 
be avoided in experimental studies by removing the epiphy seal 
cartilages from all bones to be ashed. F urthermore, if the epiphyseal 
cartilages are removed in preparing the samples, the writers’ results 
indicate that it is unnecessary to consider the sex of the individual or 
its age, between the fifth or sixth and the twentieth week. The 
removal of the cartilages in the preparation of the bone for ashing 
makes the dissection of the bone easier and more accurate, for the 
cartilages can be removed very readily with the flesh and periosteum. 
The accuracy of the dissection is an important point, for the writers 
have found, in unpublished work, that there is more danger of error 
resulting from faulty dissection than from any other step in the 
analytical technic. 

The objection may be raised that the diaphysis alone would not 
indicate the extent of the occurrence of rickets so well as would the 
diaphysis yy with the epiphyseal cartilages. St. John, Kempf, 
and Bond (9) found that between normal and rachitie chicks there 
was a gre: Pos differenc ‘e in the ash content of the epiphyseal cartilages 
than in that of the diaphyses. Although this is true, it is also true 
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that after the first few weeks the epiphyses make up only a small 
portion of the combined weight of the bone and cartilages and would, 
therefore, have less influence on the ash content of the sample than 
would the diaphysis. The writers have found, in unpublished data, 
that the ash content of the diaphyses of bones obtained from rachitic 
chicks is almost as low as the ash content of the diaphysis and epiphy- 
ses combined. They conclude, therefore, that it is entirely satis- 
factory to use the percentage of ash in the diaphyses of the leg bones 
as a measure of the extent of the development of rickets in the chicken. 

The data obtained by the writers seem to indicate that the tibia 
would ordinarily be most satisfactory for determining the ash content 
of the leg bones of chickens reared under normal conditions. The 
ash content of the tibia agrees closely with that of the combined long 
bones of the leg, and the use of the tibia alone has the advantage of 
simplifying the analytical procedure. This bone has also been 
generally used in the work reported in the literature. 


SUMMARY AND CONCLUSIONS 


Two groups of chickens, one consisting of 350 Single-Comb White 
Leghorns and the other of 350 Rhode Island Reds, were reared on a 
grass range under normal conditions. The ash content of the mois- 
ture- and fat-free leg bones of representative individuals from each 
group was determined each week during the first 20 weeks of their 
lives. Stages of calcification of the epiphyses in the leg bones of 
these birds were noted by means of X-ray shadowgraphs. The 
contents of the calcium and inorganic phosphorus of the blood serum 
and of the ash of the tibiae also were obtained. 

There was no significant change in the calcium content of the 
blood serum of the birds with increasing age, except for a marked 
increase in the case of the pullets just before they commenced to lay. 
After the fourteenth week there were marked changes in the inor- 
ganic phosphorus content of the blood serum, which were probably 
due in part to increasing age and in part to a change in the diet which 
was made at that time. 

The X-ray shadowgraphs indicated an earlier calcification of the 
epiphyses of the bones of the females than of the males and also an 
earlier calcification of the epiphyses of the bones of the White Leg- 
horns than of the Rhode Island Reds. 

There were no significant differences in the calcium and phosphorus 
contents of the ash of the tibiae, nor was the difference significant 
between the sexes. The ratio of calcium to phosphorus in the ash 
of the tibiae was noticeably low on the day after hatching, after 
which it increased to approximately 2.0:1 in all cases. 

The ash content of the diaphysis of the long bones of the legs of 
chickens of both sexes tended to remain constant between the fifth 
and twentieth weeks. In general, the ash content of the diaphysis 
with its cartilages was higher in the case of the females than in the 
case of the males between the sixth or seventh and the eighteenth 
week, depending on the breed. 

It is concluded that the tibia is the most satisfactory bone to use 
in studying the effect of various diets and sources of vitamin D on the 
ash content of the bones of chickens. It is recommended that the 
epiphyseal cartilages, together with the periosteum, be removed in 
the preparation of the bone for ashing. 
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THE LETHAL EFFECT OF LOW TEMPERATURES ON THE 
VARIOUS STAGES OF THE CONFUSED FLOUR BEETLE! 


By Roy H. NAGEL, assistant in Entomology, and Harouip H. Sueparp, assistant 
entomologist, Department of Entomology and Economic Zoology, Minnesota 
Agricultural Experiment Station 


INTRODUCTION 


Entomologists know that stored-product insects are not very 
resistant to low temperatures. Refrigeration is employed commer- 
cially to prevent insect damage. Ordinarily, insect activity is sus- 
pended in infested articles, or the infestation by insects is prevented 
in ‘‘sterilized”’ goods. However, low temperature is rarely used as 
the sterilizing agent in place of heat or a fumigant. 

As compared with the attention paid to the effect of high tempera- 
ture, but little investigation has been made of the lethal effect of low 
temperatures. It must be recognized that the cold resistance of 
different species of insects may vary widely, whereas the heat resist- 
ance varies only slightly. In order to obtain the most economical 
combination of the temperature and the length of exposure, actual 
data are necessary regarding the time required to kill a certain insect 
species at any given low temperatures. 

Because the confused flour beetle (Tribolium confusum Duval) is 
an insect with which prepared food products are likely to become 
infested, it was selected for the study reported in this paper. The 
data presented are of particular interest also for their physiological 
significance. 


In applying time-temperature data to the effect of low temperatures 
on insects, it should be understood that allowance must be made for 
the time necessary to cool the insect-containing medium, as, for 

rT’ . . 
example, wheat flour. The measurement of the cooling (heat trans- 
fer) time of standard volumes of various commercial products is a 
separate study which will not be considered here. 


HISTORICAL REVIEW 


Most of the data available in the literature regarding the lethal 
effects of low temperatures on stored-product insects are merely 
isolated observations, often presented without the time of exposure 
being reported. The first accurate measurement of the effect of 
refrigeration on an insect was made by Back and Pemberton (/, 2),? 
who found it possible to kill the early stages of the Mediterranean 
fruit fly by cold storage. 

Although some data published relative to this subject are available 
for other -stored-product insects, only one reference to the effect of 
low temperatures on Tribolium confusum is known. Payne (8) says 
that normally it may recover from temperatures as low as — 14° C., 
but she makes no mention of the duration of the exposure. 
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EXPERIMENTAL METHOD 


A Carrier air-conditioned cabinet was employed in the experiments 
involving temperatures from 0° to —18°C. A variation of less than 
1° was obtained for the period of each experiment. For the experi- 
ments in which higher temperatures were used another type of cabinet 
was utilized in which the temperature varied only slightly over a 
period of several weeks. 

Tribolium confusum were cultured in fine whole-wheat flour, about 
500 grams for each lot. The flour was sifted through a standard 
no. 6 silk bolting cloth (74 meshes to the linear inch). About 3,000 
adult beetles were placed in each lot. The cultures were covered 
with muslin and kept at a constant temperature of 27° C. Eggs 
were seldom allowed to accumulate more than 24 hours. 

All stages except the adults were exposed in small glass vials, 50 
individuals in each, with a few exceptions when 100 were so exposed. 
The eggs were counted under a binocular microscope, only those 
which were normally plump being used. The unstoppered vials with 
their contents were placed in the temperature cabinets. After ex- 
posure each vial was lightly stoppered with cotton or with cork 
stoppers having screen-covered holes. Adults were exposed in silk 
bolting-cloth cylinders. This precaution was necessary because pre- 
liminary tests had shown that the excited adults give off an odorifer- 
ous vapor. When confined with this gas they soon die, 95 percent 
being killed in 4 or 5 hours. 

During the earlier experiments exposed eggs without flour were 
placed in a cabinet and kept at a temperature of 27° C. During the 
hatching, results were noted daily, the young larvae being removed 
from the vials and discarded. Later tests showed that the results 
were the same if eggs were allowed to incubate in about 2 grams of 
flour and the larvae counted 3 or 4 days after hatching began. The 
tedious work of noting results was thus greatly reduced. All other 
stages of the insect were treated in this manner. Check experiments 
of 50 individuals each were always included in each series. They 
were kept at 27° and their condition noted only after the observations 
on the exposed insects had been completed. 

All experiments at 7° C. were carried out in glass desiccators at 
three different relative humidities, viz. 6.2 (7-mm saturation defi- 
ciency), 50, and 73.7 percent. With the exception of five experiments 
which were made without moisture control, all experiments at 12° 
were carried out likewise in desiccators at relative humidities of 32.8 
(7-mm saturation deficiency), 50, and 73.7 percent. At both tem- 
peratures no differences in the lethal effects at different humidities 
were observed, neither did there appear to be any difference in the 
results obtained from the experiments conducted outside the desic- 
cators. Accordingly, all the experiments at each of these tempera- 
tures were grouped without regard to moisture conditions. 

The percentage of mortality in each case was calculated by Abbott’s 


M 1 ° P ° 
formula, Y (100), where rs is the percentage survival in the check 
> 


and y tl-at in the exposed lot. In figure 1 are shown curves for eggs 
of three age groups at 12°C. Fifty and 100 percent mortalities were 
estimated in all cases from curves of this type. Each point in the 
curve shown is an average of the results of from 1 to 14 experiments, 
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each involving 50 individual insects. Although a few points are 
based on a single experiment, no curve is drawn through less than 
eight points. 


INFLUENCE OF AGE ON COLD RESISTANCE OF EGGS 


Davis (7), studying the effects of high and low temperatures upon 
the mosquito Aedes aegypti Linn., found that at --5.5° C., freshly 
laid eggs were slightly more resistant than mature eggs. The writers 
have found the same thing to be true for eggs of Tribolium confusum 
that have been exposed to chloropicrin. 

In order to study the effect of age on the resistance of eggs of 
Tribolium confusum to low temperature, eggs were placed in six age 
groups, namely, 1 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, and 
120 to 132 hours old. At 27° C., the temperature at which the sifted 
eggs were stored, those 132 hours old were nearly ready to hatch. 
igs in the different age groups were simultaneously exposed to low 
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FIGURE 1.— Mortality of eggs of Tribolium confusum of different ages when exposed to a temperature of 12°C. 


temperatures and otherwise treated as nearly alike as possible. In 
counting the survivors of these tests, only those larvae which previous 
experience showed to be able to complete their development were 
counted. Certain larvae died after emerging partly from the egg. 
Others hatched in such a weakened condition that they also soon died. 
All such larvae were considered as having been killed in the egg 
stage. The eggs set aside as checks showed from 78.38 to 90 percent 
survival as calculated from the number of young larvae hatched from 
them. 

Figure 1 shows the average results at each age-temperature 
combination. In table 1 is given a summary of the time required 
at the various temperatures to obtain 50 and 100 percent mortality. 
The latter figures do not possess, for comparative purposes, the pre- 
cision of the previous ones, but they are more useful in estimating 
time-temperature relations for insect control. Although eggs were 
separated into 6 age groups most of the experiments were confined 
to 3 ages, namely, 1 to 24, 48 to 72, and 120 to 132 hours old. <A few 
results with eggs at other ages are given for the sake of showing the 
influence of the entire range of age on the lethal effects of temperature 
at —12°C. 
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rasie 1.—Effect of low temperatures on eggs of Tribolium confusum of difieren 
ages, 50 and 100 percent mortality being the basis of comparison 


KH) PERCENT MORTALITY 


Number of hours of exposure required to produce mortality in eggs 
Te » »( (* in 7 
remperature Age l to Age 24 to Age 48 to Age 72 to Age 06 to Ave 
24 hours is hours 72 hours 6 hours 120 hours | 132 he 


118 

43 

4 
1.5 


PERCENT MORTALITY 


« The second series of experiments at —12° C. included fewer eggs for the determinations at 1 to 24 hours 
and at 48 to 72 hours than in the first series at that temperature 


The results show that in general the resistance of the eggs is probably 
greatest in the fourth age group which includes eggs 72 to 96 hours 
old. According to available embryological data for Tribolium 
confusum at this age, the embryos have just undergone dorsal closure 
and the young larvae are becoming rather well formed. It is known 
for insect embryos in general that their respiration is at a lower level 
here than at other stages of their development. 


INFLUENCE OF AGE ON COLD RESISTANCE OF LARVAE 


For the purposes of the experiments with larvae of Tribolium con- 
fusum three age groups were selected. The first group consisted of 
unfed Jarvae 1 to 12 hours old, averaging 6 hours. The second and 
third groups of about half-grown and of full-grown larvae, respectively, 
were raised on whole-wheat flour, from eggs the age of which was 
known for each lot. Because larvae of the same age varied in size 
considerably under the culture conditions, a few third- and sixth-instar 
larvae were selected by the aid of the measurements given by Chap- 
man (5) and by Brindley (3). Then by comparison it was possible 
to select with a fair degree of accuracy the larvae of these instars 
from the cultures in which they predominated. Only active larvae 
able to resist jarring from a sheet of paper were used, thus eliminating 
those in the process of molting. 

The manner in which the larvae were handled was practically the 
same as that for the eggs. Fifty individuals were used in each experi- 
ment. Observations were made regularly 1 week after treatment. 
The groups of larvae set aside as checks showed 91.2 to 100 percent 
survival. 

In table 2 is summarized the time in hours required to obtain 50 and 
100 percent mortality for the three age groups of larvae at different low 
temperatures. These data indicate that the full-grown larvae are most 
resistant, although the difference is pronounced only at 7° C. 
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Larvae killed outright by freezing invariably turn black soon 
afterward. Some others turn black in irregular areas. Many 
larvae which otherwise appeared normal were unable to void feces 
properly. In some cases long, sticklike strands protruded from the 
anus a distance equivalent to the length of the entire body. In full- 
crown larvae certain time-temperature combinations produced rare 
winged freaks, examples of metathetely.* 


TaBLE 2.—Effect of low temperatures on larvae of Tribolium confusum at different 
stages of growth, 50 and 100 percent mortality being the basis of comparison 


50 PERCENT MORTALITY 


Number of hours of exposure re 
quired to produce mortality in 
larvae of 

Temperature (° C.) 


Age 1 to 12 Third Sixth 
hours instar instar 


134. 4 149 197 
10 9 11.75 

~13 42 38 48 
ours .18 : 17 


100 PERCENT MORTALITY 
bly 


urs 
um 
ure 
wh 
vel EFFECT OF LOW TEMPERATURES ON PUPAE 


Pupae of only one age were selected. In general, the lighter-colored 
ones are youngest, and these were chosen for use in the tests, Each 
lot of treated pupae was placed in about 2 grams of flour at 27° C. 
Mortality was based on the percentage emergence of the adults. The 
groups of pupae set aside as checks showed a high proportion of 
emergence, 96.32 to 100 percent. 

In table 3 are summarized the times in hours required to obtain 50 
and 100 percent mortality of pupae at different low temperatures. 
Results at 12° C. are not tabulated because exposures over a long time 
showed very little mortality. The keeping of 100 pupae at 12° for 
22 days resulted in only 4 dead specimens. No adults emerged during 
this long exposure. 


TABLE 3.—Effect of low temperatures on pupae of Tribolium confusum 


Hours of exposure required 

- to produce 
lrempera- 
Ti & . 
ture 0) percent 100 percent 
mortality mortality 


258 432 
7 10 

63 1.5 

13 f 


Chapman (6, p. 294) refers to Strickland’s study of parasitized Simulium larvae in which Strickland 
found that the action of the parasite prevented the wing histoblasts from developing normally, the wing 
pads being greatly retarded and reduced. To this phenomenon, Strickland gave the term ‘‘ metathetely”’ 
to run behind completion 
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EFFECT OF LOW TEMPERATURES ON ADULTS 


Adults ranging in age from 1 to 5 months were used, no atteinpt 
being made to study the effect of age on their resistance to low tem- 
peratures. As the adults live a year or more, those used were young 
and vigorous. Treated adults were kept under observation for a 
week or so without flour. Check groups of adults under these condi- 
tions showed 94.66 to 96 percent survival. 

In table 4 are summarized the times in hours required to obtain 50 
and 100 percent mortality of adults at different low temperatures, 
<xposures of adults at 12° C., as in the case of pupae at this tempera- 
ture, are not tabulated. Some activity and little mortality of adults 
occurs at this temperature, groups being kept at different humidities 
for from 22 to 35 days without showing over 6 percent mortality. 


TABLE 4.—Effect of low temperatures on adults of Tribolium confusum 


Hours of exposure required 
oa to produce 

lempera- 

(° ¢ z 

’ 50 percent 100 percent 

mortality mortatity 


336 528 

8.4 24 
2 2 
re bi 


As mentioned before, it was necessary to place the adults for treat- 
ment in bolting-cloth cylinders to prevent accumulation of the toxic 
vapors given off by the excited beetles. Adults injured by low tem- 
perature also give off this vapor which, if the beetles are placed in 
flour, imparts a definitely pink color to that flour. Several series of 
experiments indicated that the intensity of this color varied directly 
with the length of exposure to low temperature. Chapman (6) noted 
this color in flour and other materials, stating that the vapor is given 
off by beetles irritated mechanically. 

Adults not injured sufficiently to die as a result of their cold treat- 
ment were counted as survivors. It was found that survivors could 
usually be easily determined after a week was allowed for recovery. 
In two instances adults exposed to — 12° C. for 45 minutes were still 
alive after 45 days, but they were never able to crawl about. Ina- 
bility to void feces properly was common among injured adults as in 
the case of the larvae. Whenever the recovery of an individual was 
in doubt, it was counted as a survivor. Some living adults, although 
more or less paralyzed after they had been exposed to — 12° for 45 
minutes, produced fertile eggs. Survivors of 6 hours exposure to 

6° produced many fertile eggs. Four hundred adults were kept in 
300 grams of flour at 12° for 29 days, but no eggs were laid at that 
temperature. Several days after the removal of these adults from the 
low temperature 400 to 500 eggs were recovered, indicating that egg 
laying was normal after such a period of inactivity. 


RELATIVE RESISTANCE OF DIFFERENT STAGES 


Table 5 shows the time-temperature dosages required to kill both 50 
and 100 percent of the different stages of the confused flour beetle. In 
the case of the eggs and the larvae, several ages of which were exposed 
to low temperatures, the results for the most resistant ages are given. 
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TaBLe 5.—Effect of low temperatures on the various stages of Tribolium confusum 
50 and 100 percent mortality being the basis of comparison 


50 PERCENT MORTALITY 


Number of hours of exposure required to produce mortality 
at temperature of 


Egg 
Larva 
Pupa 
Adult 


100 PERCENT MORTALITY 


Egg 432 16 
Larva 528 
Pupa 432 
Adult 528 


It is apparent from the figures for 50 percent mortality that the 
adults are more resistant than the other stages at the moderately low 
temperature of 7° C. At —6°, however, the larvae are about as 
hard to kill as the adults and at —12° the eggs are by far the most 
resistant. The pupae succumb more readily than the other stages. 

The figures for 100 percent mortality provide answers to the prac- 
tical questions of how low a temperature and how long an exposure is 
necessary to kill all stages of the confused flour beetle. It is possible 
to kill every stage of the insect at 7° C. (44.6° F.) if held at that tem- 
perature for nearly 25 days (600 hours). Only 24 hours’ exposure is 
necessary if the temperature can be lowered to a little below — 6° C. 
(21.2° F.). 


DISCUSSION 


In no previous instance apparently have the effects of low tempera- 
tures on insects been compared on the basis of 50 percent mortality. 
Carter (4) compared the resistance of various stages of the bean 
weevil (Mylabris obtectus Say) on the basis of 100-percent kill. All 
stages were killed only after several hours exposure to temperatures 
of —12° to —15° C., whereas Tribolium confusum in every stage but 
the egg succumbs in 2 hours or less at —12°. Robinson (9) deter- 
mined the resistance of the rice and the granary weevils (Sitophilus 
oryzae L. and S. granarius L.) to various low temperatures at intervals 
from their respective thresholds of activity to as low as —17.7°. 
From a comparison of his data with those given here for 7’. confusum 
it appears that the latter species is nearly as susceptible to low tem- 
peratures as the rice weevil. Given the same low temperature in 
their environments, it is much easier to kill the confused flour beetle 
with cold than it is the granary weevil. Robinson reports that S. 
granarius requires 100 hours at —6.6° for a complete kill, whereas it 
has been shown here that all stages of 7. confusum are killed at — 6° 
in 24 hours. 

SUMMARY 


A study was made of the lethal effect of low temperatures on four 
stages of the confused flour beetle (Tribolium confusum Duval)—egg, 
larval, pupal, and adult, Data were obtained showing the number of 
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hours of exposure required to produce 50- and 100-percent mortality, 
the temperatures ranging from 12° to — 18° C. 

The eggs were placed in six groups according to age, 1 to 24, 24 to 
48, 48 to 72, 72 to 96, 96 to 120, and 120 to 132 hours. Resistance to 
cold was found to be greatest in the fourth age group, 72 to 96 hours, 

The larvae were placed in three age groups—unfed larvae 1 to 12 
hours old, half-grown, and full-grown larvae. The full-grown larvae 
were found to be the most resistant, although the difference was pro- 
nounced only at 7° C. 

The mortality of the pupae was based on the percentage of emer- 
gence of the adults. 

The adults ranged in age from 1 to 5 months, and those not injured 
sufficiently to die as a result of exposure to low temperatures were 
counted as survivors. 

The figures for 50-percent mortality show that the adults were 
more resistant than the other stages at 7° C.; at — 6° the larvae were 
about as resistant as the adults; and at — 12° the eggs were the most 
resistant. 

The figures for 100-percent mortality show that all stages of the 
insect can be killed at 7° C. if exposed at that temperature for 25 
days; but if the temperature is lowered to —6°, only 24 hours’ ex- 
posure is necessary. 
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INCREASE OF KERNEL WEIGHT IN COMMON WHEAT 
DUE TO BLACK-POINT DISEASE ! 


By L. R. WALDRON 


Agronomist (plant breeding), North Dakota Agricultural Experiment Station 
INTRODUCTION 


This paper deals mainly with the relative weights of kernels of 
wheat (Triticum vulgare Vill.) showing the presence of “black point”’ 
and those free from this infection. The main study was made upon 
kernels from individual wheat plants from the F; population resulting 
from the cross Reward * ((Kota x Marquis) X Hope). The wheat, 
grown at Fargo in 1933, was planted on May 5, which was about 2 
weeks later than the earliest date available for planting in the nursery 
where it was grown. 

A sample of the infected kernels was submitted to H. B. Humphrey, 
of the Bureau of Plant Industry, United States Department of Agri- 
culture. Dr. Humphrey reported that about one half of the kernels 
were infected with a strain of Alernaria, while the remainder were 
clearly and positively infected with Helminthosporium sativum Pam., 
King, and Bak. Black point was much in evidence in a number of 
common wheats in 1933 in the nursery, the percentage of infection 
varying decidedly with the breeding of the wheat and also, evidently, 
with the time of planting. 

In previous reports upon black point, durum wheats have been 
held to be most commonly infected (Evans ? and Weniger)* although 
the infection has not been at all rare upon common wheats. Weniger 
reports that Helminthosporium may produce different types of infec- 
tion. She mentions head blighting characterized by typical glume 
lesions and empty spikelets, the latter often occurring several in a 
group, or as individual empty spikelets (or florets) in any portion of 
the head. In addition, the black-point type of infection is mentioned 
as occurring on the seeds. Christensen * shows that H. sativum 
attacks different parts of the wheat plant, producing various types of 
lesions. 

According to Christensen the various Helminthosporium lesions 
in wheat or other plants result from repeated inoculations, and 
Stakman holds that the disease is not systemic.° The lesions of black 
point must be induced then by local spore infection in the ovules. 
Evidently the time of infection, with regard to the stage of the ovule, 
and the circumstances attending the development of the fungus 
until the ripening of the seed, have not been closely studied. Henry ° 
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has shown that high temperatures are favorable for the development 
of Helminthosporium, and moisture conditions are of course important. 


EXPERIMENTAL WORK 


While taking notes on samples of grain threshed from individual 
plants, the writer was struck by the apparent differences in the size of 
kernels from any one plant, depending on whether the kernels showed 
the presence of black point or whether they were free from the infec- 
tion. Certain of the plants had the weights in grams per 1,000 
kernels shown in table 1. 


TABLE 1.— Weight of healthy wheat kernels and of kernels diseased with black point 


Weight per thousand 


kernels 
Plant no. 

Healthy | Black 

point 

Grams Grams 
48.12.247 27 3.1 
48.12.257 30.7 35.9 
48.12.2590 26. 2 33.9 
48.12.288 30. 2 a | 
48.12.208 32.2 38.4 


The infected kernels in these instances weighed about 20 percent 
more than the kernels showing no infection. 

Of the plants in the group studied in detail, about one half were 
eliminated in the field because of sterile florets. The remaining plants 
showed a small amount of floret sterility, but with the exception of 
| or 2 spikes, perhaps no more than might be expected in view of the 
extreme heat which had prevailed. 

Sixteen plants were used in the study of relative weights of kernels. 
The kernels were carefully removed from the spike and laid in order 
in depressions cut in paraffin blocks and then weighed to fifths of 
milligrams. The 16 plants had 63 spikes and 2,030 kernels. 

A cursory examination suggested that the differences in kernel 
weight might be ascribed to a differential incidence of black point on 
the different kernels of the spikelet relative to position. While the 
third kernel of the spikelet, when present, showed lesions less commonly 
than the basal kernels, it became evident that this did not entirely 
explain the differences. 


TABLE 2.— Number and weight of black-point and healthy kernels found paired in 
the spikelet, unpaired basal kernels, and kernels of the third floret 


Black-point kernels Healthy kernels Excess 
weight of 
Item diseased 
or 
: " Average , : A verage esi 
Number weight Number | “weight he althy 
kernels 
Milligrams Milligrams | Milligrams 
Paired 344 | 39.0+0. 17 1,036 | 36.3+0.13 2. 7+0. 21 
U npaired 34 | 35.04 .71 191 | 32.54 .37 2.54 . 80 
Third floret 19 | 31.04 . 63 406 | 27.14 .20 3.94 . 66 
Total or average 397 | 38.34 .18 1,633 | 33.54 .12 | @4.74 .22 





* This value of 4.7 is simply the difference of the weighted means in columns 3 and 5. 
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The kernels, both those infected with black point and the healthy 
ones, were placed in three categories. Kernels found paired in the 
two basal florets comprised the major group; kernels of the third 
floret, the second group; and unpaired kernels of the basal florets, 
the third group. The number of kernels, and the average weight per 
kernel in each of the three classes, and the total weight, are given in 
table 2. 

The elimination of the kernels found in the unpaired and in the third 
florets reduces the average difference in weight per kernel from 4.7 to 
2.7 mg, but even this difference is highly significant as the odds are 
3.3 10" to 1 against the probability that a deviation as large as, or 
larger than, the one indicated could have arisen from random sam- 
pling. In the comparison shown in table 2, of the kernels of the third 
floret, the kernels of the basal spikelet which were significantly below 
the average in weight and were not infected, are included. Omitting 
the kernels of the basal spikelet, the difference in weight is still 
3.7+ 0.66 mg. The difference in weight in the unpaired basal kernels 
is 2.5+0.8 mg and is significant. Considering the 16 plants indi- 
vidually, the black-point kernels of 15 of the plants were the heavier, 
and the difference was significant in 9 of the 15 cases. In the excep- 
tional case the healthy kernels had the greater weight, but the differ- 
ence was not significant. 


STUDY OF KERNEL WEIGHT ALONG THE SP1KE 
In studying the paired kernels attention was given to the disposition 
of the black-point and healthy kernels along the spike. The results 


for the 16 plants are summarized in table 3. 


TaBLE 3.— Distribution along the spike of black-point and healthy kernels, in pairs, 
the differences in kernel weight and percentage distribution of kernel weight 


Black-point Healthy 

Differences in 
Spikelet no : Distri- ; Distri-| weight between Healthy 
Kernel bution Kernel bution| diseased and kernels 

Kernels weight per | of ker- Kernels weight per | of ker-| healthy kernels 

spikelet nel spikelet nel 
weight weight 

Num-, Per- Per- \Num-| Per- Per- Per- 
her cent | Milligrams | cent her cent Milligrams cent | Milligrams cent | Percent 
l 27 7.9 | 35. 740. 55 7.2 145 14.0 | 32.9+0. 30 2.7 | 2.94 61 5.5 84.4 
2 52 | 15.1 40.14 .33 15.5 156 | 15.1 | 37.34 . 26 15.5 | 2.84 42 0 75.0 
} 61 17.7 40.64 .33 18. 5 157 15.1 | 39.24 . 26 16.4 1. 44 42 2. 1 72.1 
4 75 | 21.8 | 41.04 .26 23.0 151 | 14.6 | 38.84 .27 15.6 | 2.24 .38 7.4 66.9 
5 68 | 19.8 | 39.34 .33 19.9 148 | 14.3 | 38.04 .33 15.0 | 1.44 .47 4.9 68.5 
6 39 | 11.3 | 35.44 .61 10.3 155 | 15.0 | 34.94 34 14.4 5+ .70 4.1 79.9 
7 16 4.7 | 35.2+1. 26 4.2 SS 8.5 | 32.34 .44 7.6 | 2.941. 34 3.4 84.6 
4] 6 1.7 | 31.741. 48 1.4 32 3.1 | Wit .77 2.5 | 2.641. 67 1.1 84.2 
9 0 0 0 0 4 4 | 34.2 4 4 100.0 

Total or 
iverage 344 100.0 | 39.04 .17 | 100.0 (1,036 |100.1 | 36.24 .13 | 100.1 | 2.84 .21 1 


From spikelet 1 (basal) to 6 the percentage distribution of the 
healthy kernels approaches uniformity, varying but 1.1 percent, while 
the distribution of black-point kernels over the same spikelets shows 
a range of 13.9 percent. The higher percentages for black-point 
kernels are found in the center of the spike, and it is there that the 
heavier healthy as well as black-point kernels are found. The aver- 
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age weights per kernel for each spikelet are multiplied by the cor- 
responding percentage distributions, and these results, for the two 
groups, reduced to percentages, are found in columns 5 and 9. When 
the paired kernels in the two basal florets are studied, it is found that 
the heavier kernels are those which carry the greater amount of black 
point. The net results of this difference in weight are indicated in 
column 10. 

The middle kernels of the spike are fertilized first, but the total time 
for blooming was quite certainly not over 3 days, as the weather was 
hot and dry. This earlier fertilization may have been responsible in 
part for a better nutrition of the central kernels and their consequent 
greater weight. The fungus may have found easier access to the 
ovules receiving the better nutrition. The time element may have 
been a factor influencing the place of infection on the spike, but it is 
doubtful whether the entire difference in weight can be attributed to 
this difference in time of infection. 

It is seen in table 3 that differences in weight between the black- 
point and healthy kernels are found regularly in each spikelet. When 
the probable errors were calculated the differences were found to be sta- 
tistically significant in the five lower spikelets. The few black-point 
kernels in 2 of the 3 upper spikelets resulted in probable errors too 
large for the differences to be significant although the absolute dif- 
ferences are relatively large. The sixth spikelet showed a small 
difference in weight in favor of the black-point kernels. The differ- 
ences in the standard deviations are very generally contrary to those 
of the means, in that the distributions of the healthy kernels show 
greater variability than do those of the black-point kernels. The 
coefficients of variability of the two series, black point and healthy, for 
the eight spikelets are shown in table 4 


TABLE 4.—Coefficients of variability of weights of the basal pair of kernels in the two 
groups, black point and healthy 


Coefficient of variability Coefficient of variability 
Spikelet Spikelet 
no no 
Black-point Healthy Black-point Healthy 

: : difference ~ 7 : arence 
kernels kernels Difference kernels kernels Difference 
l 11. 70+1. 11 16. 44+. 67 4.7441.30 | 5 10.274 .60 15. 93+. 64 5. 664 . 88 
2 8.664 .58 12. 69-4. 49 4.034 .76 | 6 15. 830+1. 25 17. 92+. 71 2. 1241. 44 
3 9.324 .57 12.24+.46 | 2.924 .73 || 7 20. 63-2. 56 18. 67+. 99 1. 962. 7 
1 8. 08+ . 45 12. 46+. 49 4.384 .67 | 8 15.424+3.36 21,904.97 | 6.4843. 51 


In spikelets 1 to 5 the distribution of the healthy kernels has a 
variability significantly greater than that of the black-point kernels. 
If the two series of distributions are merged so that the distribution of 
the total healthy can be compared with the distribution of the total 
black point it Seamies evident where the greater variability of the 
healthy-kernel series originates. The two distributions expressed in 
percentages are shown in table 5. 

The sums of the positive and negative differences are necessarily 
equal. The healthy kernels show an excess of variates in the lower 
weight classes. This is suggested by the two means (table 2). The 
excess of distribution of the healthy kernels berry over 11 of the 
lower weight and 1 of the higher weight classes, while the correspond- 
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ing deficiency is confined to 6 classes in the higher ranges. Skewness 
is negative in both cases but more pronounced in the case of the 
healthy kernels. The greater variability shown in table 5 in the 
healthy kernels characterizes most of the spikelets and especially 
those which have the greater numbers of kernels. 


TABLE 5.—Percentages of healthy and black-point kernels in the various weight 
classes 


Percentage of kernels in weight class indicated 


litem 
16 to 17 | 18 to 19 | 20 to 21 | 22 to 23 | 24 to 25 | 26 to 27 | 28 to 29 | 30 to 31 | 32 to 33 | 34 to 35 


meg mg mg mg mg mg mg mg mg mg 

Healthy kernels 0.4 0.6 1.2 1.5 2.4 4.0 4.1 6.7 8.0 11.1 

Black-point kernels 3 3 0 0 6 6 ee, 4.6 4.1 7.6 
Difference l 3 1.2 1.5 18 3.4 2.4 2.1 3.9 3.5 


Percentage of kernels in weight class indicated 


Item | | 
36 to 37 | 38 to 39 | 40 to 41 | 42 to 43 | 44 to 45 | 46 to 47 | 48 to 49 | 50 to 51 | Total 
mg mg Ing ng mg ng mg mg 
Healthy kernels 12.3 13.7 15.5 9.0 6.2 2.4 0.8 0.2 100. 1 
Black-point kernels 11.6 18.0 20. 1 15.1 10.2 4.1 .6 .6 100. 1 
Difference 7 4.3 1.6 —6.1 1.0 1.7 if 4 .0 


A study was made of the kernel weight of the first and second ker- 
nels per spikelet of spikes with nearly or quite healthy kernels. It 
was not evident that the lower kernel differed in weight from the ker- 
nel standing second in position. It follows, then, that the differen- 
tiation in weight of kernel with respect to incidence of black point 
upon the two lower kernels per spikelet is not due to the position of 
the kernel in the spikelet, associated with normal weight differences. 

In any plant, on an average, the black-point kernels are heavier 
than those evidently free from disease. In part this weight difference 
may be ascribed to kernel position. Certain kernels of the spike are 
so located that their weight is decidedly less than that of kernels 
differently located. There is a differential in incidence of disease 
with regard to these two kernel groups. Thus weight differences of 
healthy and diseased kernels may be ascribed to w veight differential 
due to locality in the spike, combined with a differential of disease 
incidence. But beyond this, between healthy and diseased kernels, 
weight differences are found which are not due to location in the spike, 
as is shown in table 2. Finally, a comparison, or series of compari- 
sons, is to be found in the paired kernels of the basal florets of each 
spikelet. In each of the eight spikelets, the black-point kernels are 
the heavier (table 3). In these instances, also, the heavier weight of 
the black-point kernels is not due to any deviation from the normal 
in kernel size in conjunction with differences in incidence of disease. 

The question arises whether the normally larger kernels of the spike 
were attacked by Helminthosporium (and z Alternaria) or whether, when 
the young kernels of a group of potentially the same mature size were 
attacked, such kernels were somehow stimulated to develop a larger 
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amount of endosperm’ than if no infection had taken place. It 
appears that both factors are responsible for the greater weight of ‘he 
black-point kernels in the spike and in the plant. 


CORRELATION RESULTS 


[t was possible to calculate correlation coefficients between percent- 
ages of black point and yield in the 1933 crop. In one instance a con- 
siderable number of yields were calculated from 5-foot rows. These 
rows were planted with F; selections from the cross Ceres * Hope- 
Florence; a single mother plant seeded one row. The stands of grain 
varied more or less; before harvest, notes were taken on the stand, 
and the yields were corrected to a uniform stand. The errors in- 
volved in this correction were thought to be less than those which 
would arise from uncorrected yields. Countings were made on the 
threshed samples of the frequency of the occurrence of black point 
and the percentages estimated. The weight per 1,000 kernels was 
also determined. The means and the standard deviations of these 
three characters calculated from 267 variates are shown in table 6 


TABLE 6.—Correlalions * between yield of wheat, weight of black-point kernels, and 
percentage of black-point kernels in the 1933 crop 


Yield per | Weight of Black 


Item are | 1,000 point 

: kernels kernels 

Bushels Grams Percent 
Mean 34. 4540.31 | 37. 1440.09 | 21. 98+0. 48 
Standard deviation 7.574 .22 2.06+ .06 | 11.6384 .34 


« The 3 correlation coefficients calculated were: Black point and yield, 0.22+0.04; yield and 1,000-ker 
nel weight, 0.32+0.04; black point and 1,000-kernel weight, 0.17+0.04 


None of these coefficients is very high, but the first one, which 
erhaps is of greatest interest, is about five times the probable error. 
Evidently there is a positive relationship between the presence of the 
infection and the yield, as secured. When the weight per 1,000 
kernels is held constant the partial correlation between yield and black 
point is 0.18 +0.04. This still shows some significance. 

In the cross first mentioned in this paper it was possible to calculate 
correlations similar to those given, except that weight of grain per 
plant was used instead of yield. The coefficients are as follows: 


Black point and grain yield per plant 0. 09 + 0. 04 
Yield per plant and 1,000-kernel weight 27+ . 04 
Black point and 1,000-kernel weight__ : ‘ . 32+ .03 


When the weight per 1,000 kernels is held constant the correlation 
between black point and grain yield per plant becomes essentially 
zero. The total correlation between these characters is negative but 
not significant. Correlation of fairly high significance is shown be- 
tween black point and 1,000-kernel weight. This is in keeping with 
the results shown in the earlier part of this paper. 

7 As the endosperm in a normal kernel of wheat comprises about 85 percent of the total weight it is fair 
to presume that the excess weight of the diseased kernels would be distributed mainly to the endosperm 


The black-point kernels appeared to be normal in shape. Any contribution to the greater weight of the 
black-point kernels made by the substance of the invading organism must have been negligible 
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DISCUSSION 


More exact studies as to the causal relationships with regard to the 
various external factors are greatly desired. It is known that the 
epidemic of black point in 1933 was associated with high temperatures 
and low seasonal moisture conditions. The wheats studied, started 
heading about June 22, and blossoming was probably well under way 
by June 25. A comparison of temperatures and rainfall for the last 5 
days of June and the first 15 days of July are shown in table 7. 


TABLE 7.— Temperatures and precipitation for the last 5 days of June and the first 15 
days of July 19334 


Item June 26-30 | July 1-5 July 6-10 | July 11-15 Total 
lemperature F F F KF 
Average daily mean 75 75 73 74 
Normal 67 6s 67 67 
Excess in 1933 s 7 6 7 
Precipitation Inches Inches Inches Inches Inches 
Fotal in 1933 1. 65 0 SI 17 2. 63 
Normal 86 “40 47 59 2. 69 


Data are from the official records of the United States Weather Bureau. The normal values of pre- 
cipitation were taken from the Monthly Weather Review, Vol. 58, Suppl. No. 34, p. 59, May 1930. 


The daily temperatures were greatly in excess of the normal for the 
whole 20 days and particularly during the last 5 days of June. The 
eason was unusually dry, but from June 26 to 30, 1.65 inches was 
recorded, which was decidedly in excess of the expected amount for 
the 5-day period. Thus for a short period, in the early life of the 
wheat seed, conditions of high temperature and high rainfall obtained. 
It is quite unknown, of course, whether the weather conditions varied 
in such a manner during the period of infection as to account for the 
differences in incidence of black point which were shown to exist 
between basal kernels and kernels of the third floret and also between 
the mid-spike kernels and those near the base and near the tip of the 
spike. It is not conceivable that any differentiation in weight due 
to position could be brought about within a single spikelet or in the 
third-floret kernels within the spike, as was the case in several 
instances. 

On the other hand there seems to be no report in the literature that 
a seed infected by a fungus is stimulated, and consequently increases in 
growth. If stimulation resulted in this case, an increased amount of 
endosperm must have been laid down, but there seems to be little or 
no information as to any causal relationship which might have 
brought this about. 

SUMMARY 


A heavy infection of black point, caused largely by Helmintho- 
sporium sativum Pam., King, and Bak., was found on various common 
wheats at Fargo in 1933. On any one plant, in the hybrids studied, 
the black-point kernels generally were definitely heavier than the 
kernels showing no evidences of infection. 

This difference in weight can be ascribed in part to a difference in 
infection of kernels differing normally in size because of position in 
the spike. Third-floret kernels and end-spike kernels carried less 
infection than the heavier mid-spike kernels. 
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Within any kernel group of the spike, such as the third-floret group, 
the black-point kernels were significantly heavier than the noninfected 
kernels. The obvious conclusion seems to be that a portion of the 
weight differences results from a stimulation of the development of 
the endosperm following the entrance of the fungus into the develop- 
ing ovule. 

In one experiment, a coefficient of correlation of 0.22+0.04 was 
found between the percentage of black point and the yield in 5-foot 
rows and a coefficient of 0.32 +0.04 was found between black point 
and weight of 1,000 kernels. In a study of individual plants resulting 
from a different cross, a correlation of 0.09+0.04 was secured 
between the percentage of black point and the weight of the grain per 
plant and a correlation of 0.32 + 0.03 was obtained between percentage 
of black point and the weight per 1,000 kernels. 
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A STATISTICAL STUDY OF THE RELATIONSHIPS 
BETWEEN THE CONSTITUENTS OF MILK! 


By ALeEx Buack and LeRoy Vorts, assistants in animal nutrition, Institute of 
Animal Nutrition, Pennsylvania State College 


INTRODUCTION 


The quantitative relationships of the fat, protein, total solids, and 
solids not fat in cow’s milk have been extensively investigated by 
Overman, Sanmann, and Wright (/3),? Gaines (6), Cranfield, Griffiths, 
and Ling (4, 5), and others. The purpose of this study is to contrib- 
ute further to the subject in general, but especially to extend the con- 
sideration into the field of the inorganic constituents, which have 
received comparatively little attention. 

Many studies of the relations existing between the different con- 
stituents of milk have been undertaken from the commercial point of 
view, especially with reference to the detection of adulteration, the 
establishment of legal standards, and the enrichment of milk, partic- 
ularly in fat; and other studies have been made on the origin of the 
various constituents of milk, the methods of their secretion, the 
factors affecting their elaboration, and the interrelationship of these 
constituents. In the present study, which is statistical in method, 
the immediate objective has been to discover relationships of con- 
stituents which might subsequently be subjected to intensive inves- 
tigation from the physiological point of view. 

The data on which this paper is based were obtained from analyses of 
the milk of 12 Holstein-Friesian cows during an entire period of lacta- 
tion. The animals were maintained under uniform conditions of care 
and feeding, without pasture, and were kept indoors, except for 
short daily periods of controlled exercise. 

In relation to feeding treatment the cows were divided into two 
groups, one of which received timothy hay, corn silage, and concen- 
trate mixture; the other, alfalfa hay, corn silage, and concentrate 
mixture. The protein content of the rations of the two groups was 
approximately equalized by varying the composition of the concen- 
trates. Within both of the groups 2 cows were given a supplement of 
pulverized limestone, 2 a supplement of commercial bone meal, while 
2 received no mineral supplement. 

No evidence was found that the composition of the rations affected 
the composition of the milk in any characteristic manner. The analy- 
ses of the milk, therefore, were combined into a single group for the 
present study. 

The usual seasonal variation in the composition of milk, dependent 
on changes in the ration, was not brought out by the method employed 
in this investigation, but the changes in the composition of milk 
which occur with the progress of lactation were observed, and these 
contributed to the statistical constants determined. 
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The relationships reported are those of fat, energy, protein, total 
solids, solids not fat, lactose, ash, calcium, phosphorus, magnesium, 
chlorine, sodium, and potassium. 


EXPERIMENTAL METHODS 


The data treated represent 134 samples of milk which were, in 
greater part, composites of aliquots of each milking for 28-day periods, 
The time of calving, or of the end of the period of lactation, however, 
made certain of the milk-sampling periods shorter than the usual 28 
days. 

The method of preserving the milk, and the methods and results of 
the determinations of energy, fat, protein, total solids, and solids not 
fat, have been reported in a previous publication by Kahlenberg and 
Voris (10). 

Ash, sodium, and potassium were determined by the official methods 
of the Association of Official Agricultural Chemists (2). 

Calcium and magnesium were determined by the MeCrudden 
method (11, 12), combined with the filtration and titration technic 
suggested by Halverson and Schulz (8). 

Phosphorus was determined gravimetrically by the Neumann- 
Pemberton wet combustion method (15). 

Chlorine was determined by the official method of the Association of 
Official Agricultural Chemists (2) except that 0.05 normal silver 
nitrate solution and 0.03 normal potassium thiocyanate were used 
instead of 0.1 normai silver nitrate and potassium thiocyanate as 
specified. 

The percentage of lactose was obtained by subtracting the sum of 
the percentages of ash and protein from the percentage of solids not 
fat. 

The statistical methods were, in general, standard procedures, in the 
form used by Harris and Benedict (9), with supplementary use of 
Pearson’s tables (14). 


PRESENTATION OF DATA AND DISCUSSION OF RESULTS 


Table 1 summarizes the analytical data arranged in the order of 
increasing percentage of fat, by giving the mean percentage of each 
constituent corresponding to intervals of 0.2 percent in the mean fat 
content. The means, standard deviations, and coefficients of varia- 
tion, with their respective probable errors, are given in table 2; the 
coefficients of correlation between the milk constituents are recorded 
in table 3; and the correlation coefficients are arranged with respect to 
magnitude and statistical significance, in the form of a frequency 
distribution, in figure 1. 

VARIABILITY 


It has been generally conceded in discussions of the composition of 
milk that fat is one of the most variable, if not the most variable, 
constituent. However, the individual inorganic constituents have not 
generally been taken into account—the ash usually being considered as 
a single ingredient—and the samples of milk have not usually been 
obtained from animals under conditions of experimental control. 

The coefficients of variation in table 2 show that the sodium, the 
chlorine, and the magnesium content of milk varies much more than 
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It may be 
sasily affected by disturbing condi- 


the uniform condi- 


tions maintained throughout this experiment fat was less variable than 
it is under ordinary feeding practices. 


_ 




























































































EB 
FM 
AM! _ 
BM/SA 
_ sss (ANF AS “ TN 
PT|FT| |CBISL] {MN SNISK 
___—s |SC|FC/SM/PB/AB| LK) EX/BX/LA 
ES PC|AC|TB/PMICM| PN) EN|TX |XK 
EF/PS|EC|PA|EMIAX'TA BN CN|FX|NK|EK 
IST|ET|TC|XN|SB/FB/LM|EL|CL|MX/CX|PL|F K|AK|PK] 
FS|EP|FP|TMITL|EA|LB/PX/FL |MKIBK|FNISX|TK|CKILN] [LX] 
omMmmnontmn — otrnonroano 
-oc0 0000 65°60 o°°9090090 97 


FIGURE 1 
energy, P, 
magnesium; 


TABLE 1. 


CONSTLLUEH when mean r conten ws aranged th “ pe reent Ctasses 
ronslit t wi un fat tent ranged 0.2 t cl 


Fat range (percent 


2.60 to 2.79 
2.80 to 2.99 
3.00 to 3.19 
3.20 to 3.39 
3.40 to 3.59 
3.60 to 3.79 
3.80 to 3.99 
4.00 to 4.19 
4.20 to 4.39 
4.40 to 4.60 


Fat range (percent 


2.60 to 2 

2.80 to 2 

3.00 to 3.16 
3.20 to 3.36 
3.40 to 3.56 
3.60 to 3.79 
3.80 to 3.99 
4.00 to 4.19 
4.20 to 4.39 
4.40 to 4.60 


protein; 
Y, chlorine; N, 


Samples 


Number 


Samples 


Nuinber 
6 

13 

2 

34 

13 

Is 

10 


2 
3 


sodium; 


 # sol 


Percent 
2.70 
2. 93 
3.10 
3. 29 
3. 46 
3.72 
3. 8Y 
4.09 
4.25 
4. 50 


Ash 


Percent 
0. 742 
741 

737 

743 


ids not fat; 


Summary of analytical data, 


Nitrogen 


Percent 
0. 424 
434 
447 
470 
48 
510 
513 
569 
571 
600 


Sodium 


Percent 
0. O81 
063 
054 
055 
076 
O58 
O68 
059 
OR2 
066 


L, lactose; 


and A, potassium 


1, ash; 


C, calcium; 


Distribution of correlation coefficients between quantities of milk constituents 
S, total solids; 


F, fat; EF, 


8B, phosphorus; M, 


giving average percentages of each milk 


Protein 


Percent 
2.7 


9 


x 


3 
3 
3 
3. 27 
3 
3 
3 


Potas- 
sium 


Percent 
0. 143 
146 
149 
143 
140 
128 
144 
126 
121 
139 


Total 
solids 


Percent 
10. 85 
11. 37 
11.79 
12. OS 
12. 46 
12. 68 
12. 9S 
13. 49 
13. 93 
14. 40 


Calcium 


Percent 
0. 094 
103 
106 
109 
116 
121 
115 
123 
130 
128 


Solids 


not fat 


Percent 
15 


s 
8. 44 
8. 69 
8. 79 
9. 00 
8. 96 
9. 09 
9. 40 
¥. 6S 
9.90 


Magne- 
sium 


Percent 
0.013 
O12 
012 
013 
013 
013 
O15 
014 
O16 
019 


Energy 
er gram 


Calories 
586 
615 
643 
666 
690 
716 
732 
774 
793 
$25 


Phos- 
phorus 


Percent 
0. O85 
Ovi 
093 
094 
097 
097 
101 
095 
105 
iil 


Lactose 


Percent 
4.71 
4.93 
5.12 

5. 06 
5.01 
4.93 

5. 05 

5 + 

24 


5, 26 


Chilor- 
Ine 


ercent 
0. 132 
110 
100 
108 
117 

. 109 
OS 

. 110 
109 

. 095 


Among the individual inorganic constituents, sodium seems to be 


the most variable. 


This may be only apparent, the v 
data being due in part to difficulties encountered in analysi 
chlorine, with which sodium shows the closest corre lation, 
is not particularly difficult to determine, also shows 
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strikingly greater than that of any of the other constituents except 
magnesium. Therefore, inasmuch as sodium and chlorine are 
largely in combination with each other, sodium chloride is presumably 
the most variable constituent of milk. Possible explanations of 
this variability are suggested in the discussion of the correlation 
coefficients. 


Tapie 2.—Means, standard deviations, and coefficients of variation of constituents 
of milk 


Means Standard Coefficients 


Cc s > 
ONSTISIOMS deviations of variation 


Fat 3. 409540. 0245 0. 4207+0. 0173 12. 34+0. 5 
Protein 3. 07704 . 0224 3838+ . 0158 12.474 .5% 
Total solids 2.27134 . 0481 8250+ . 0340 6.724 
Solids not fat 8. 8619+ . 0277 4752+ .0196 5. 364 
Energy 680. 075 +3. 299 56.61 +2. 332 8. 324 
Lactose 5. 0274+ . 0181 3108+ . 0128 

Ash 7 + . 0024 0420+ .0017 

Sodium + .OO11 0184+ . 0008 

Potassium + . 0010 0172+ . 0007 

Calcium + . 0007 O1L7+ .0005 

Magnesium + . 0002 0030+ . 0001 

Phosphorus + . 0005 0090+ . 0004 

Chlorine + , 0013 0216+ . 0009 


TABLE 3.—Coefficients of correlation between quantities of milk constituents 
Constituent Correlation r Constituent Correlation r 


Fat and Total solids and—Continued 
Energy 0. 9502 +0. 0057 Phosphorus > 0. 5448-+0. 0410 
Total solids 9076+ .0103 Ash . 38434 . 0497 
Protein . 70004 . 0297 Lactose 3667+ . 0504 
Solids not fat 6885+ . 0306 Sodium . 15554 . 0569 
Calcium 6646+ . 0325 Chlorine —. 2064+ . 0558 
Magnesium 1690+ . 0455 Potassium —, 2932+ . 0533 
Phosphorus 4166+ .0482 | Solids not fat and 
Ash 38234 . 0498 Total solids 9382+ . 0070 
Lactose 1264+ .0573 Energy. .-- “ O55 
Sodium 1027+ . 0576 Protein . 786 . 0222 
Chlorine —. 1194+ .0574 Calcium 767 . 0240 
Potassium —. 22424 .0553 Fat IRS! . 0306 

Energy and Magnesium 83+ . 0367 
Total solids 9817+ . 0021 Phosphorus 5813+ . 0386 
‘at 95024 . 0057 Lactose . 53204 . 0418 
Solids not fat 85654 . 0155 Ash . 33624 . 0517 
Protein 8101 . 0200 Sodium 777+ . 0564 
Calcium 76 . 0237 Chlorine —, 2506 0546 
Magnesium . 0399 Potassium —. 3061+ . 0528 
Phosphorus ‘ . 0449 || Lactose and 
Ash 41254 . 0484 Solids not fat 53% . 0418 
Lactose 246 é 7 Total solids . 3667+ . 0504 
Sodium * =. Magnesium 32 . 0520 
Chlorine 52+ . 057 Phosphorus 3005+ . 0530 
Potassium —. $2524 . 05% Energy 

Protein and Potassium 
Total solids . 876 36 Calcium 
Energy . 0 Fat 
Solids not fat . 736 . 022% Protein : 
Calcium . 7728+ . 02: Ash 3891+ . 0494 
Fat 7 . 029 Sodium 5007+ . 0437 
Ash 6194+ . 035 Chlorine —. 7030+ . 0295 
Phosphorus - 4354+ . 047 Ash and 
Magnesium . 4262+ . Calcium . 063784 . 0346 
Chlorine . 2197+ . 0555 Protein 6194+ . 0359 
Sodium. . 1445+ . Magnesium . 4579+ . 0460 
Lactose 34+ .0575 Sodium 4511+ . 0464 
Potassium - 934+ . Chlorine 4185+ . 0481 

Total solids and Energy . 0484 
Energy -f . 00: Total solids 384: . 0497 
Solids not fat . 9382+ . 007 Fat . 3822 . 04908 
‘at - 9076+ . 010% Phosphorus . 35644 . 0509 
Protein - 8760+ .0136 Solids not fat . 3362 . 0517 
Calcium 779% . 0228 Potassium -,3219-+ . 0522 
Magnesium . 893+ . 0 } Lactose —, 3891+ . 0404 
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TaBLe 3.—Coefficients of correlation between quantities of milk constituents—Con. 














Constituent Correlation r Constituent Correlation r 

Calcium and Chlorine and 

rotal solids 0. 7793+0. 0229 Sodium 0. 6109-0. 0365 

Protein . 7728+ . 023! Ash 41854 . 

Energy . 7698+ . 0237 Protein - 2197+ . 

Solids not fat . 7670+ . 0240 Magnesium . 04444 

Fat . 6646+ . 0325 Calcium —. 06204 

Ash 6378+ . 0346 Fat —. 1194+ . 0574 

Phosphorus 4508+ . 0464 Energy —. 14524. 

Magnesium 3365+ . 0517 Total solids —. 20644 

Lactose . 0573 Solids not fat ~, 2506+ 

Chlorine 0580 Phosphorus —, 26324 

Sodium - . 0579 Potassium —. 3825+ . 

Potassium 4399+ . 0470 Lactose —. 7030+ 
Phosphorus and Sodium and 

Solids not fat 5813+ . 0386 Chlorine . 6109+ . 0365 

Total solids 5448+ . 0410 Ash 4511+ . 0464 

Energy 4787+ . 0449 Magnesium 1926+ . 0561 

Magnesium 4519+ . 0464 Protein . 14454 

Calcium... 4508+ . 0464 Phosphorus . 1383+ . 0572 

Protein ___- 4354+ . 0472 Calcium —, O785+ . 0575 

Fat 4166+ . 0482 Fat —. 1027+ . 057 

Ash 3564+ . 0509 Energy -. 1201+ . 057 

Lactose . 3005 . 0530 Total solids —. 1555+ . 0566 

Sodium 1383+ . 0572 Solids not fat 1777+ . 056 

Potassium —. 00954 0583 Potassium 2367+ 

Chlorine —, 2632+ . 0542 Lactose —, 007+ . 
Magnesium and Potassium and 

Solids not fat . 6083+ . 0367 Lactose 

Total solids 5893+ . 0380 Magnesium 

Energy . 5612+ . 0399 Phosphorus 

Fat 1690+ . 0455 Fat 

Ash 57. 0460 Sodium 

Phosphorus 0464 Total solids 

Protein . 0477 Solids not fat 

Caleium . 33654 . 0517 Ash 

Lactose . 3281+ . 0520 Energy 

Sodium 1926+ . 0561 Chlorine 3 ‘ 

Chlorine 0444+ . 0582 Calcium —. 4390+ . 

Potassium 0382+ . 0582 Protein —. 49344 . 0441 


The exceptional variability of magnesium which was observed has 
also been noted by Allen (/), but no adequate explanation of this 
fluctuation is apparent. 

Solids not fat show the least variability, followed, in the order of 
increasing variability, by ash, lactose, total solids, energy, phosphorus, 
calcium, chlorine, magnesium, and sodium. 


CORRELATIONS 


In the interpretation of the correlation coefficients any correla- 
tions greater than 0.4600, that is, correlations of a magnitude greater 
than 10 times their probable error, have been considered of definite 
significance. Correlations of from 0.3130 to 0.4600, which are more 
than 6 and less than 10 times their probable error, have been desig- 
nated as of doubtful significance, and correlations of less than 6 times 
their probable error have not been considered significant. 

The following general statements of significant relationships were 
observed: 

(1) As the percentage of fat increases, the energy, and the percent- 
ages of total solids, protein, solids not fat, calcium, and magnesium 
ine rease. 

(2) As the energy value increases, the percentages of total solids, 
solids not fat, protein, calcium, magnesium, and phosphorus increase. 
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(3) As the percentage of protein increases, the percentages of toial 
solids, solids not fat, « valci ‘ium, and ash increase, and the percentage of 
potassium decreases. 

As the percentage of total solids increases, the percentages of 
solids not fat, calcium, magnesium, and phosphorus increase. 

(5) As the percentage of solids not fat increases, the percentages of 

calcium, magnesium, phosphorus, and lactose increase. 

(6) As the percentage of lactose increases, the percentages of 
— and chlorine decrease. 

As the percentage of ash increases, the percentage of calcium 
inc reases. 

(8) As the percentage of chlorine increases, the percentage of sodium 
increases. 

Among the correlations of doubtful significance it is of interest to 
note that as magnesium increases the percentages of ash, phosphorus, 
protein, calcium, and lactose increase. It has ‘been noted above that 
magnesium is significantly correlated with solids not fat, total solids, 
energy, and fat. Thus, in 9 of the 12 comparisons, magnesium shows 
a significant, or probably significant, positive correlation. Simi- 
larly, calcium shows high positive correlations with total solids, 
protein, energy, solids not fat, fat, and ash, with possibly significant 
positive correlations with phosphorus and magnesium. 

Among the negative correlations of special interest are those of 
potassium with protein and calcium; and of lactose, which is a rela- 
tively constant constituent, with sodium and chlorine, which are ex- 
tremely variable. The findings with reference to lactose, sodium, 
and chlorine are in harmony with the conclusion of Porcher (/6) 
that milk with high lactose content is usually low in sodium chloride, 
and that mainly by variation in the sodium chloride in the milk it is 
maintained isotonic with the blood. 

Gowen and Tobey (7) state that the osmotic pressure of milk 
very largely determined by the lactose content, whereas the osmotic 
pressure of blood is relatively little determined by its sugar content 
but mostly by its salt content, referring to six major osmotically active 
elements, potassium, sodium, calcium, magnesium, phosphorus, and 
chlorine. In the maintenance of the isotonicity of blood and milk, 
the milk of a lower lactose content would have to increase its content 
of salts in a rather pronounced degree to make up for this deficiency 
of lactose. Gowen and Tobey propose to compute the osmotic pres- 
sure from the millimolar concentration of lactose and ash found in the 
milk. From the present data lactose does reveal a negative correla- 
tion with ash, but among the individual elements only sodium and 
chlorine were found negatively correlated with lactose. 

Blackwood and Stirling (3) consider that by far the largest part of 
any osmotic change taking place during milk secretion is to be 
accounted for by the synthesis of protein and carbohydrate from glu- 
cose and amino acids. They consider that during milk secretion a 
transudate is separated from the blood, having the same osmotic 
pressure as blood, and that during synthesis water is returned to the 
blood to maintain the tonicity of the cell fluid. 

In the present study protein shows no significant correlations, 
positive or negative, with lactose and sodium chloride; and these 
correlations, as contrasted with the significantly negative correlation 
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of lactose and sodium chloride, suggest a dissimilar relation of protein 
and lactose in the maintenance of the isotonicity of the blood and 
milk. 

The narrow range of variation in the hydrogen-ion concentration of 
freshly drawn milk, between 6.50 and 6.65, is probably maintained 
chiefly through the phosphates and casein present. It was shown by 
Rice and Markley (1/7) that the hydrogen-ion concentration of milk 
of high acidity, as determined by titration, is affected by the addition 
of acid or alkali to a much lesser extent than is the hydrogen-ion con- 
centration of milk with low acidity. Their explanation is that in 
high-acid milk the phosphate and casein are present in greater quanti- 
ties than in low-acid milk, and that the buffer action is greater in the 
former case than in the latter. The negative correlation of potassium 
and protein is in harmony with this conclusion, and since calcium is 
largely associated with protein the negative correlation of potassium 
and calcium seems to be a part of the same picture. However, there 
is no correlation, either positive or negative, between potassium and 
phosphorus. In fact, potassium shows no significant positive corre- 
lation with any of the constituents determined, though it may be 
correlated with undetermined constituents, for instance, with citric 
acid. 

Wright (78) has shown experimentally that CaHPO, in solutions 
of calcium caseinate may be held in stable colloidal solutions up to 
the concentrations of calcium and phosphorus found in milk. He 
suggests that the calcium and phosphorus which diffuse from the 
blood into the mammary gland may thus be held in colloidal combina- 
tion by the casein in the milk cells. Alkali renders this combination 
unstable, with which fact the negative correlations of potassium with 
protein and calcium, as found in this study, seem to be in harmony. 
This calls attention to the slight degree of correlation found between 
potassium and phosphorus, and suggests that phosphorus is associated 
with other constituents than calcium and casein—which is borne out 
by the fact that the ratio of phosphorus to calcium in calcium case- 
inate is 0.8, and in CaHPO, it is 0.775, whereas the ratio between 
the average percentages of phosphorus to calcium found in milk in 
the present study is 0.851. 

In consideration of the questionable significance of correlations as 
evidence however, no effort will be made to interpret these observations 
closely. Correlations can only suggest, and the facts as to origin 
and relationships of the constituents of milk must be established by 
evidence of more direct and less equivocal character. 


SUMMARY 


Statistical data based on the analyses of 134 samples of Holstein- 
Friesian milk representing one entire lactation period for each of 12 
cows are reported. The analyses include fat, energy, protein, total 
solids, solids not fat, lactose, ash, calcium, phosphorus, magnesium, 
chlorine, sodium, and potassium. The means, standard deviations, 
and coefficients of variation of each constituent with their corres- 
ponding probable errors, are reported, and the coefficients of correla- 
tion of each constituent with every other constituent are given. 
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INFLUENCE OF CALCIUM PHOSPHORUS 
BOVINE BLOOD ' 


INTAKE ON 


By J. E. GreAveEs, chemist and bacteriologist, EF. J. MAYNARD, animal husband- 
man, and WENDELL REEDER, graduate assistant, Utah Agricultural Experiment 
Station 


INTRODUCTION 


Phosphorus is present in every cell and fluid of the body. It is 
vitally concerned with ¢ arbohydrate, fat, and some phases of protein 
metabolism. It is essential in muscular contractions and in the 
functioning of the central nervous system. It enters into the buffer- 
ing powers of the blood and other tissues. Phosphorus, together with 
ealci ium, plays a fundamental role in bone formation. It is, then, not 
surprising to find profound physiological and anatomical disturbances 
occurring in animals on a phosphorus-deficient diet. In cattle such a 
deficiency may manifest itself by hypophosphoraemia, osteophagia, 
and osteoporosis, and by osteomalacia in the adult (15).?_ In the early 
stages the consumption of food is usually adversely affected (26). 
On phosphorus-deficient rations the milk yield is usually low (2) and 
there is a marked inhibition of oestrum (4). Usually before most of 
the symptoms appear, hypophosphoraemia manifests itself (3, 24). 

Aphosphorosis of cattle is known to occur in many regions (5, 25). 
It is probably even more widely spread than is known at the present 
time, where the following conditions occur: The forage is produced on 
phosphorus-deficient soil and consequently is low in phosphorus; the 
cattle are kept on too restricted rations, the main constituents of 
which are deficient in phosphorus; the intake of calcium is excessive 
in relation to the intake of phosphorus; and the phosphorus require- 
ments are extremely high and hence not met by the ordinary rations, 
as in the case of the lactating cow. 

It has been suggested that the estimation of inorganic blood phos- 
phorus gives an early diagnosis of aphosphorosis and. helps to differen- 
tiate it from picas having a different origin (14, 26). With sufficient 
information on the optimum inorganic phosphorus of the blood under 
varying conditions, it appears probable that blood analyses may be 
used to discover those animals which are on phosphorus-deficient 
diets, and hence the proper phosphorus supplement may be prescribed. 
In this manner, at least in a degree, it may be possible to prevent the 
modern dairy cow from passing through a mild form of osteoporosis 
at each lactation. This is an extreme instance and at times may not 
be due to a deficient ration but rather to an overdeveloped udder 
outrunning the absorptive capacity of the gut for phosphorus (6). 
However, Huffman and his coworkers (1/2) found that even high- 
yielding cows (2,000 gallons) can be maintained in mineral equilibrium 
(positive calcium balance) upon ordinary mineral-rich rations. 
Nevertheless, the margin is often exiguous, and little may be required 
to change a Positive balance to a negative one. 
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EXPERIMENTAL ANIMALS AND PROCEDURE 


Data reported in this paper represent blood analyses obtained from 
40 grade yearling beef steers, averaging 585 pounds in weight and of 
similar breeding and previous treatment. They were carefully sorted 
into five groups as nearly alike as possible as to weight, quality, and 
condition. They were fed for a period of 150 days on the following 
rations: 


Lot 1, pressed beet pulp, beet molasses, alfalfa hay, and salt. 

Lot 2, pressed beet pulp, beet molasses, alfalfa hay, and cottonseed cake. 

Lot 3, pressed beet pulp, beet molasses, alfalfa hay, and steamed bone meal 

Lot 4, pressed beet pulp, beet molasses, alfalfa hay, and milJ-run bran. 

Lot 5, pressed beet pulp, beet molasses, alfalfa hay, and ground barley. 

The average daily ration consumed by each lot, the daily calcium 
and phosphorus intakes, and the calecium-phosphorus ratio in the 
rations are shown in table 1 

Lot 1, receiving beet pulp, molasses, alfalfa, and salt, obtained less 
than 50 percent of the phosphorus received by those on the ration 
supplemented with cottonseed cake. The phosphorus intake of lot 5, 
where barley was given, was also low; that of the remaining lots was 
high. There were also considerably greater quantities of caleium in 
the rations of the animals receiving phosphorus supplements. This is 
especially noticeable in the lot receiving cottonseed cake. The cal- 
cium oxide intake in the ration of lot 1 equaled 0.74 percent; of lot 2, 
(0.69 percent; of lot 3, 0.48 percent; of lot 4, 0.52 percent; and of lot 5, 
0.73 percent. All these animals received rations containing more 
than 0.45 percent of calcium oxide placed as the minimum ‘by the 
Wisconsin workers (10) for dry dairy cows. Phosphorus was low in 
the rations of lots 1 and 5 when compared with the quantities recom- 
mended by Kellner (73) and Armsby (1). 

The animals receiving no phosphorus supplements were getting 
considerably less than the 30 g of phosphorus pentoxide per day, which 
Theiler, Green, and Du Toit (27) laid down as the minimum for heifers. 
Where barley was the supplement, the animals were receiving 
30g; all others were receiving considerably more than the minimum 
requirements. 

Theiler, Green, and Du Toit (26) conclude that inasmuch as mini- 
mum requirements of growth are higher in the case of phosphorus 
than in the case of calcium, a ratio of calcium oxide to phosphorus 
pentoxide as high as 3 to 1 is not necessarily disadvantageous. Lots 
2 and 3 were receiving rations in which the ratio of calcium oxide to 
phosphorus pentoxide was 3 to 1. Lot 1 received calcium oxide to 
phosphorus pentoxide in a ratio of 4.6 to 1 and lot 5 in the ratio of 4.1 
to 1. It is evident, therefore, that in lots 1 and 5 phosphorus could 
have been profitably added. One is prone to ask: Could greater 
quantities of phosphorus have been added advantageously to the 
rations of lots 2, 3, and 4? Theiler, Green, and Du Toit (26) state 
that when calcium is low it is probable that a relatively high propor- 
tion of phosphorus may facilitate the absorption of calcium and thus 
reduce the risk of calcium starvation. When phosphorus is low, a 
relatively high calcium intake may reduce the absorption of phos- 
phorus and in this way increase the danger of aphosphorosis. 
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Samples of blood were collected in the morning before feeding to 
obviate the action of recently ingested carbohydrates on blood 
inorganic phosphorus. It was found in preliminary tests in 1932, 
when this precaution was not taken, that the blood inorganic phos- 
phorus often fell to an extremely low level, probably due to the large 
quantities of soluble carbohydrates consumed. 

The blood was collected from the jugular vein in two 4-ounce 
bottles. The sample for phosphorus determination was quickly 
mixed with sodium oxalate, immediately taken to the laboratory, and 
the plasma centrifuged out. The phosphorus was determined in the 
plasma by the Youngberg method (11); the calcium in the serum of 
the second sample by the Clark-Collip modification of the Krammer- 
Tisdal method (1/7). Results are reported as milligrams of phosphorus 
in 100 ce of blood plasma and milligrams calcium in 100 ce of blood 
serum (table 2). Samples were taken at the beginning of the experi- 
ment and during each succeeding month. This work represents 
analyses of individual samples and not the composite of three samples 
taken on successive days as reported by some workers. In this work, 
however, samples were taken from each of eight animals receiving the 
same treatment. This should eliminate, to a degree, individual and 
daily fluctuations in the calcium and phosphorus content of the blood. 


EXPERIMENTAL DATA 


The average calcium content of the blood of the various lots on 
January 21, 1933, varied from 12.25 mg per 100 cc of blood serum to 
13.16 mg. With few exceptions, there is only a small variation within 
the different groups (table 2). 


TABLE 2.— Milligrams of calcium per 100 cc of blood serum and of inorganic phos 
phorus per 100 cc of blood plasma in blood of steers fed different supplements to the 
ration, Jan. 21 and Feb. 28, 1933 


DATA OF JAN. 21, 1933 

Lot 1, no 
supple- 
ment 


Lot 2, cottonseed Lot 3, steamed Lot 4, mill-run Lot 5, ground 
cake bone meal bran bs arley 


Steer no 


Steer ‘ Steer ‘ Steer 
no ‘ no , 


2.00 1.89 
2. 68: 5 
3.65) 3 

40| 2 
51 


CNAO—NNNh 
waenwenwnwuwn 


A verage 


TA OF FEB. 2 


14 
48 


SO 2S de de BS SO SO 


A verage 


w 
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These animals had grazed on the range plants which were grown on 
the highly calcareous soils of Idaho and consequently were high in cal- 
cium. This may account for the high calcium and comparatively low 
phosphorus content of the.animal’s blood. 

The inorganic phosphorus of the blood varied from 2.41 to 3.01 mg 
per 100 ce of blood plasma. These results are low when compared 
with those obtained by Eckles and his coworkers (5) on animals 
receiving sufficient phosphorus and point strongly to the conclusions 
that all these animals, although on a ration high 1n alfalfa hay grown 
on phosphorus-rich soils, would have benefited if given a phosphorus 
supplement. 

The phosphorus-calcium ratio in the blood varied from 1 to 4 in 
barley-fed steers and from 1 to 5.5 in animals receiving cottonseed 
cake. 

On February 28, 1933, the blood was again analyzed (table 2). A 
slight increase in the blood calcium had occurred. Even where the 
animals received the calcium supplements there was an increase of 
only 1 mg per 100 ce of blood serum, which is in keeping with the 
findings of Theiler, Green, and Du Toit (26). The phosphorus, how- 
ever, had markedly increased. The animals receiving bone meal and 
mill-run bran yielded blood phosphorus well above 5 mg per 100 cc of 
blood plasma. In those animals receiving no phosphorus supplement 
and those receiving ground barley, the blood phosphorus was lower, 
being 3.60 and 3.67 mg per 100 ce of blood plasma, respectively. The 
phosphorus-calcium ratio, while still varying widely in the blood of 
different lots, was much narrower. 

Blood samples were also taken on April 1, April 27, and June 1, 
1933. These showed the same regularity in each group, as did the 
analyses made on January 21 and February 28. Hence, only the 
averages of these determinations are given (table 3). Each reported 
result represents the averages of the analyses made on eight different 
animals receiving the same ration which should rule out individual 
differences that occur when averages are made from individual 
animals. 


TABLE 3.—Average milligrams of calcium in 100 cc of blood serum and of inorganic 
phosphorus per 100 cc of blood plasma in the blood of steers fed different supple- 
ments to the ration on given dates 


[Averages represent 8 determinations made on different animals receiving the same rations] 
CALCIUM 


| 
Lot 1, no | Lot 2, cot- Lot 3, Lot4, | Lot5, 
Date of sampling supple- tonseed steamed mill-run | ground 
ment | cake bone meal bran | barley 


Jan. 21 
Feb. 28__ 
Apr. | 
Apr. 27 
June | 


Jan. 3 
Feb. 2 
Apr 
Apr. 27 
June 
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When placed on the experimental ration, these cattle were taken 
from feeds high in calcium. Moreover, all experimental rations 
carried calcium well above the minimum requirements for such ani- 
mals; consequently, their blood calcium showed no appreciable 
variation that could be ascribed to these rations. The greatest varia- 
tion is shown in the lot receiving no phosphorus supplement. Due 
to the drop in phosphorus, nature may have attempted to maintain 
an approximate uniform calcium times phosphorus concentration, 
Palmer and Eckles (20) produced hypercalcemia and hypophosphor- 
uemia in cows by feeding diets low in phosphorus. Had the animals 
used in the experiments here reported been younger, it is highly 
probable that greater variations would have occurred in the serum 
calcium, for it is not easy to raise the concentration of serum calcium 
far above normal by feeding calcium salts or high calcium-containing 
feed; it is even more difficult to lower the serum calcium of normal 
full-grown animals by altering the intake of calcium (23, v. 1, p. 
814). 

The inorganic phosphorus of the blood plasma on January 21, 
when the cattle were placed on the various rations, was low. There 
was an increase on February 28, greatest in the case of steers receiv- 
ing bone meal and least where no phosphorus supplement was given. 
The concentrations remained quite uniform throughout the remainder 
of the experiment. Only occasionally did the inorganic phosphorus 
content reach 5-mg concentration, making it highly probable that 
all of these animals would have benefitted by an increase in the 
phosphorus supplement due to the high calcium intake. 


DISCUSSION 


It has been stated (23) that calcium and phosphorus in the cir- 
culating plasma, other factors remaining constant, bear a reciprocal 
relationship to one another. Harnes (8, 9) tested this biometrically 
on the blood of rabbits and found a small negative correlation between 
the calcium and inorganic phosphorus. Palmer and his coworkers (21) 
found no correlation between calcium and inorganic phosphorus and 
consider Harnes’ coefficient so small in relation to the probable error 
as to be mathematically insignificant. Calculations have been made 
of the correlation coefficients between calcium and phosphorus in the 
199 analyses, as reported herein. The formulas given by Pearl (22) 


» 


(2122) ; - l 
were used: 7. “12! and P.E.,=0.67449 
N 0,02 


V 


The values for r,. on the following dates are: 


Jan. 21, 0.1660 + 0.1037 (n= 40) 
Feb. 28, 0.3333 + 0.0947 (n= 40) 
. 0.5116 + 0.0784 (n=40) 
Apr. 27, 0.5888 + 0.0696 (n= 40) 
June 1, —0.6096 + 0.0678 (n=39) 
On all samples, 0.2264 +0.0452 (n= 199) 


Hence, there is a small negative correlation between the inorganic 
phosphorus and calcium in the blood of steers fed on the rations con- 
sidered in this work. It becomes greater as the experiment progresses; 
however, more work is necessary before it can be said to have a bio- 
logical significance. 
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There is a close relationship between the phosphorus intake of these 
animals and the inorganic phosphorus of the blood plasma, which 
bears out the findings of others (11, 19). Analyses of blood for its 
inorganic phosphorus content can be used as a measure to determine 
the phosphorus needs of animals. This, however, requires further 
work to standardize the factor for optimum concentration under vary- 
ing conditions. The age of the animal is known to influence the in- 
organic phosphorus of the blood (7), and the conclusion is quite well- 
founded that gestation is without effect (16,18). However, the effect 
of sex and pregnancy upon the normal inorganic phosphorus of the 
blood is not so well known. 

At the end of the 150-day period, the ration of the cattle receiving 
pressed beet pulp, beet molasses, alfalfa hay, and salt (lot 1) was sup- 
plemented with 0.1 pound of steamed bone meal daily. After being 
on this ration for 30 days, blood samples were taken and analyzed for 
calcium and inorganic phosphorus. These results are given in table 4. 


TaBLE 4.—Milligrams of calcium in 100 ce of blood serum and of inorganic phos- 
phorus in 100 cc of blood plasma in the blood of steers, July 1, 1933. 


. . Phos- . ‘ Phos- . . : Phos- 
Steer n Calcium : Stee Cale : Stee " Cale : 
€ 0 alciu phorus teer no ilcium phorus teer no alcium phorus 


The calcium of the blood remained quite constant. The inorganic 
phosphorus of the blood increased; at the close of the experiment, 
however, it was still far below that of the animals which had received 
steamed bone meal from the beginning of the experiment. Un- 
doubtedly, due to the deficient ration, other tissues of the body, in 
addition to the blood, had been depleted of their phosphorus; conse- 
quently, time apparently is required to bring the tissues back to 
normal. 

SUMMARY 


Forty head of grade beef steers, averaging 585 pounds in weight 
and of similar breeding and previous treatment, were sorted into 5 
groups as nearly alike as possible as to weight, quality, and condition 
and were fed for 150 days on rations of pressed beet pulp, beet mo- 
lasses, alfalfa hay, and salt, to which was added for four of the groups 
a supplement of cottonseed cake, steamed bone meal, mill-run bran, 
and ground barley, respectively. 

Blood samples were taken monthly and analyzed for calcium and 
phosphorus. Before going on these rations the averages per 100 cc of 
blood serum and plasma were: Calcium from 12.25 to 13.13 mg and 
inorganic phosphorus from 2.41 to 3.01 mg. Phosphorus supplements 
fed in the form of cottonseed cake, steamed bone meal, and mill- 
run bran increased the blood inorganic phosphorus to near that re- 
ported as optimum by some workers or 5 mg per 100 ec of blood serum. 
It was lowest in the lot receiving ground barley and highest where 
steamed bone meal was fed. The various phosphorus supplements 
produced little, if any, effect upon the blood calcium. A low negative 
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correlation was found between the inorganic phosphorus and calcium 
of the blood. There was a close correlation between the phosphorus 
intake and the inorganic phosphorus of the blood. The question is 
raised: Is it possible that many cattle (even in Utah where the soil in 
most cases is rich in phosphorus) may lack phosphorus in their ration? 
It appears feasible that this could be determined by blood analyses 
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SURVIVAL OF BLISTER-RUST MYCELIUM IN WESTERN 
WHITE PINE' 


By H. G. Lacumunp, pathologist, and J. R. HANsBRouGH, assistant pathologist, 
Division of Forest Pathology, Bureau of Plant Industry, United States Department 
of Agriculture * 


INTRODUCTION 


Studies on the growth and behavior of cankers of white pine 
blister rust (Cronartium ribicola Fischer) on western white pine (Pinus 
monticola Dougl.) have been reported by the senior writer in a 
previous paper.’ That paper contains data on the manner in which 
canker growth rates are influenced by the size and vigor of the infected 
stem, by regional site conditions, and by girdling and subsequent 
“flag formation’’—a term descriptive of the conspicuous red-brown 
color of the foliage of the affected part after death. In that paper 
(p. 594) reference was made toa study of the survival of the mycelium 
in trunk cankers; the results of that study are presented herein. 


PROCEDURE 


During 1922 and 1923 the senior writer observed that blister- 
rust cankers on branches of western white pine in British Columbia 
continued to grow toward the bole of the tree after the outer portion 
of the branches had died and turned into ‘‘flags’”’, and in some cases 
after squirrels had girdled or severed the branch at the center of 
the canker.* In order to verify the results of these observations and 
to determine the extent to which the rust could continue to live and 
grow after all source of food supply had been cut off beyond the point 
of infection, a number of cankered branches were so cut that part of the 
infected bark remained on the stub and these stubs were examined 
at fixed intervals. On April 25, 1924, 34 infected branches were se- 
lected on thrifty western white pines at Chee Kye,° British Columbia, 
their diameters at the base of the canker were measured, and they 
were then lopped off just above the lower limits of the typical orange 
discoloration which closely follows the progress of the mycelium 
in the bark of western white pine. Throughout the remainder of 
this paper all cankers shortened in this manner are referred to either 
as ‘“‘cut’’ cankers or as ‘‘truncated”’ cankers. On October 25, or 6 
months from the time of cutting, all the cankers were in good con- 
dition and had continued to extend toward the bole. The downward 
growth of the mycelium, as indicated by the downward extension of 
the discoloration of the infected bark, was carefully measured for 
~ach canker. 

| Received for publics ation Dec. 27, 1933; issued July 1934. 

2 Panes lanpeieden wpachtcdnnantet N Partington, J. L. Mielke, and T. 8. Buchanan for assist- 
ance in carrying on the field studies upon which this article is based. 

3 LACHMUND, H. G. GROWTH AND INJURIOUS EFFECTS OF CRONARTIUM RIBICOLA CANKERS ON PINUS 
MONTICOLA. Jour. Agr. Research 48: 475-503, illus. 1934. 

‘ For several years numerous investigators have observed that squirrels and other rodents frequently eat 
the infected bark of white pine blister-rust cankers. Occasionally they completely sever the branch at the 
point of infection. 


Chee Kye is a stop on the Pacific Great Eastern Railway, approximately 40 miles, air line, north of Van- 
couver, British Columbia. 
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In April 1925 a series of 50 uncankered thrifty branches on the 
same area were cut in the same way that the cankers were cut the 
preceding year. These checks were established to determine how 
long uninfected branches would remain alive after cutting. In July, 
42 were dead and the remaining 8 died within 2 months. During 
this time most of the stubs of the cankered branches cut in 1924 
remained alive and the mycelium continued its growth from their 
cut ends toward the boles. This proved beyond a doubt that it 
was the presence of the mycelium in the cut cankered stubs which had 
kept them alive. 

In the latter part of September 1925 a forest fire swept over the 
area and terminated the entire study before the 34 cut cankers were 
remeasured. Therefore growth measurements were secured for a 
6-month period only—from April 25 to October 25, 1924. A com- 
parison of the growth rate of these cut cankers with that of normal 
uncut cankers in the same area indicated that the downward growth 
rate of the cut cankers was somewhat less in each diameter class than 
it was for the corresponding uncut cankers. The data were too few 
to be conclusive; therefore plans were made for a more complete 
study. 

A western white pine infection area near Owl Creek,’ British 
Columbia, was chosen for the second experiment. Pine infection 
first occurred there in 1917, increased considerably in 1921, and 
became common in 1923 and 1924. In 1927 at the beginning of the 
test the white pines were young and still thrifty. They were approxi- 
mately 12 to 25 years old and from 9 to 22 feet tall. 

On May 6, 1927, 100 cankers on thrifty branches of 32 trees were 
carefully selected. All these cankers were of 1923 or 1924 origin and 
were therefore relatively young, most of them having produced aecia 
only once or twice. In general, they were one internode distant from 
the bole; a few, however, were almost two internodes distant. The 
distance from the bole to the lower limits of the cankers ranged from 
2 to 17.3 inches, being more than 8 inches in only a small number of 
cases. The diameter of the branches at the lower limits of the cankers 
ranged from 0.2 to 0.9 inch. For each 0.1-inch class between these 
limits the number of branches was approximately the same. 

Each branch was severed by a cut perpendicular to its long axis at 
a point about one half of an inch above the lower limit of the dis- 
coloration. On the same trees, 100 uninfected branches were cut in 
identical fashion to serve as checks. The check for each cut canker 
was on a branch of the same size and corresponding location in the 
tree. 

In no case were any living needles or small side branches left between 
the cut surface and the bole; therefore it was impossible for any of 
the cankered stubs or checks to obtain food except from the main 
stem, or bole. 

These truncated cankers and checks were examined in the fall of 
1927 and in the spring and fall of each successive year until the spring 
of 1932. The condition of each was noted—whether living or dead 
and, in the case of the living cankers, the downward growth from the 
lower limit at the time of cutting or at the time of the preceding 
examination was accurately measured. Of the original 100 cankers, 


6 Ow! Creek is a stop on the Pacific Great Eastern Railway, approximately 35 miles north of Chee Kye 
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22 were discarded before the completion of the study because of the 
death of the trees on which they were located. 

On May 1, 1928, a similar experiment was begun on the same area 
but on different trees. Fifty cankered branches and fifty uninfected 
checks were cut in exactly the same way as were those in the pre- 
ceding year. In order to determine the immediate effect of cutting, 
this series was examined monthly until fall; after that the data were 
taken as for the 1927 series. Here again the basis for comparisons 
was reduced through the death of some of the trees. Data were taken 
on 44 cut cankers and checks in 1929 and on 32 cankers and checks 
in 1930. At the end of 1930 work on this series was terminated. 


SURVIVAL OF TRUNCATED CANKERS 


The data summarizing the condition of the cankered stubs at half- 
yearly and yearly intervals are shown in table 1. The condition of the 
vankered stubs is assumed to be the same as that of the canker 
itself—i.e., living or dead—for Cronartium ribicola is an obligate 
parasite and can live only so long as its host remains alive. When a 
canker had grown down the stub and entered the bole, the stub died 
ina short time. Inasmuch as the purpose of this study was to deter- 
mine the effect of cutting on canker survival and growth, those can- 
kers that died or entered the bole were not examined at subsequent 
dates. Because of the uniformity of the data after the 2-year period, 
the half-yearly intervals are not shown. 


TABLE 1.—WSurvival of truncated cankers and checks, Owl Creek, British Columbia 


Cankers 


Checks 
dead 


Time after 


Cankers hecks ( » 
inkers or checks (number) cutting 


Living but De 
not yet 
reaching 

bole 


| 
ad before sree 
reaching ~~" d 
bole —_ 


Years Percent Percent 
ly 95 ( 


Percent Percent 
5.9 > 


95.9 
7. 99. 2 
25. 100. 0 
37. 3 a . 
56. 
65.4 
65.4 


I 
8.2 
18, 2 
21.8 
29. 5 
~ 


2 
30. 


* Trees containing 12 cankers died during winter. 
> Examination of 1928 series discontinued. 


Examination of the data for the 122 checks shows that 95.9 percent, 
or 117, were completely dead half a year after they were cut. Only 1 
of the remaining 5 checks survived for 1 year, and it died shortly 
thereafter. 

Comparison of the survival data for the truncated cankers with 
those for the checks clearly shows that the former remained alive for 
a very much longer time than the latter. This comparison is further 
strengthened by the results of the monthly examination of the checks 
in the 1928 series. Five percent of them were dead 3 months after 
cutting and 90 percent in 4 months, showing that the great majority 
of deaths occurred during the first 6 months. 
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In a previous reference to the present study the statement was 
made’ that the survival of the cankered stubs suggested that “ihe 
presence of the infection at the end of the stub had the effect of 
stimulating a reversal of flow of the elaborated food materials.”” The 
data presented herein are believed to justify fully this hypothesis 
The fact that with one exception the uninfected checks died within 
a year after cutting whereas the cankered stubs remained alive in 
some cases for at least 5 years shows that the presence of blister-rust 
infection tended to keep the stubs alive until the cankers could grow 
into the bole. 

The action of the rust upon the stream of assimilates in the cut 
cankered stubs would be an interesting subject for physiological 
study. No other phenomena even remotely analogous to the survival 
of the cankered stubs are known to the writers. Certain features of 
resemblance are suggested by the well-known action of false-mistletoe 
infection, which has the effect on several hosts of prolonging the life 
of certain branches; notably in the case of the lower branches of 
Pinus ponderosa Dougl. and P. contorta Dougl. But in these cases 
the prolongation is attributable to a stimulation of the growth of the 
foliage beyond the point of infection whereby the infected portions are 
provided with an increased supply of elaborated food from the 
normal direction. 


DOWNWARD GROWTH OF TRUNCATED CANKERS 


As previously stated, the downward growth of all living cut cankers 
was carefully measured at the time of each examination. These 
measurements, too numerous for detailed publication, ind.cate three 
things: (1) The downward growth rate of the mycelium in the can- 
kered stubs was constant as long as the stubs remained alive; (2) this 
rate was very slightly less than the downward growth rate of normal 
uncut and unflagged cankers; and (3) it was almost identical with the 
downward growth rate of flagged cankers, which is likewise slightly 
less than the normal growth rate. This reduced rate of growth can 
obtain, however, only while the fungus is in the stub or in those 
portions of the stem below the flag which are in low vigor because of 
the flagging. As soon as the infection reaches the bole or the region 
of the healthy living side branches below the canker, its rate of 
growth immediately becomes normal. 

While similar in rate of downward growth, the cut and the flagged 
cankers are not exactly comparable as regards the length of time they 
may remain alive on internodes unsupported by living foliage beyond 
the canker. The death of the portion of the branch or stem beyond 
the canker in flagging reacts differently and evidently saps the vitality 
of the lower uninfected portion much more than when the branch or 
stem beyond the canker is cut off. For example, when a canker is 
situated so far down on a branch that most of the foliage is beyond 
the point of infection, the entire branch is generally killed at the time 
of flag formation. It has been noted, further, that flagged cankers 
almost invariably die out if the length of unsupported internode is 
so long that the canker cannot grow over it within 2 years. On the 
other hand, the present data show that the majority of the cut cankers 


7 LACHMUND, H.G. See footnote 3. 
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remain alive for at least 2 years and that many of them survive for 
3 years or more. From these observations it appears that cutting 
causes less of a drain on the lower stem than does flagging. Con- 
sequently the longevity and survival data for the cut cankers cannot 
be used as criteria for the survival of cankers after flagging. 


SUMMARY 


The mycelium of white pine blister rust continues to live and grow 
in infected western white pine bark after flagging, i.e., the death of the 
portion of the branch beyond the canker, has taken place or after 
squirrels have girdled or severed the branch at the center of the 
eanker. In order to obtain definite information on this phenomenon 
the writers in the spring of 1927 and 1928 shortened 150 cankers, 
leaving stubs with about one half of an inch of living canker at their 
tips. Checks were cut in exactly the same way on uninfected branches 
in the same relative position in the trees. 

The checks were practically all dead within 1 year from the date 
of cutting, whereas the cankered stubs remained alive for penods 
ranging up to 5 years, or until the mycelium entered the bole of the 
tree. The mycelium apparently stimulated a reversal of the flow of - 
assimilates in the infected stubs. 

Measurements of the downward growth of the cankers in the stub 
indicate that it proceeds at a constant rate slightly less than that of 
normal cankers but almost identical with that of flagged cankers. 
Flagged cankers survive for a shorter time than cut cankers. 
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